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(54) OPTICALLY ACTIVE QUATERNARY AMMONIUM SALT HAVING AXIAL ASYMMETRY AND 
PROCESS FOR PRODUCING -AMINO ACID AND DERIVATIVE THEREOF WITH THE SAME 



(57) The present invention provides a chiral phase- 
transfer catalyst of the following formula (I): 

R 1 



The compound (I) can be produced by reacting a 2,2'- 
dimethylene bromide-1 ,1 '-biphenyl derivative, which can 
be produced through comparatively small number of 
steps, with an easily available secondary amine. 
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Description 

Technical Field 

5 [0001] The present invention relates to optically active quaternary ammonium salts having axial asymmetry and meth- 
ods for producing the same. The present invention further relates to methods for producing optically active a-amino 
acids and derivatives thereof by using this optically active quaternary ammonium salt having axial asymmetry as a phase- 
transfer catalyst. 

io Background Art 

[0002] a-Alkyl-a-amino acids represented by the formula H 2 NCH(R)COOH are very important naturally-occurring a- 
amino acids. a-Alkyl-a-amino acids in which the a-carbon has the L-configuration are a structural component of proteins 
(polypeptide chains) that exist in animals, plants, and microorganisms, for example. The D-form of oc-alkyl-a-amino acids 

15 exists in plants, fungi and microorganisms as a structural component of non-proteogenic compounds. On the other hand, 
a,a-dialkyl-a-amino acids are recently gaining attention because of their unique functions, including the fact that they 
are stereochemical^ stable and that when they are incorporated into peptides, those peptides are not susceptible to 
enzymatic hydrolysis by proteases (see Bellier, B. et al. (1997). J. Med. Chem. 40:3947 and Mossel, E. et al. (1997). 
Tetrahedron Asymmetry 8:1305). These properties have led a,a-dialkyl-a-amino acids to be considered for use as chiral 

20 building blocks for the synthesis of peptides having enhanced activity, effective enzyme inhibitors, and compounds 
having other biological activities. Methods for synthesizing non-proteogenic a-amino acids, particularly a,a-dialkyl-a- 
amino acids, by selectively building the stereochemistry of the a-carbon have been investigated, but at the present time, 
a practical method has not yet been found. 

[0003] Chiral phase-transfer catalysts allow stereoselective alkylation of glycine derivatives and are easy to use and 
25 can be applied widely, and thus have become increasingly important in the field of process chemistry. A large number 

of researches into designing phase-transfercatalysts have been conducted mainly by using cinchona alkaloid derivatives, 

and to date several useful methods have been reported (e.g., see Shioiri, T. et al., Stimulating Concepts in Chemistry, 

edited by Vogtle, F. et al., WILEY-VCH: Weinheim, p. 123, 2000; and O'Donnell, M.J. (2001). Aldrichimica Acta, 34:3). 

However, when such phase-transfer catalysts are used, various problems are caused, including the fact that halogen- 
30 based solvents are employed, the reaction is sluggish, and low temperature conditions are required. In particular, the 

use of chiral phase-transfer catalysts derived from such cinchona alkaloids is not particularly efficient in the synthesis 

of a,a-dialkyl-a-amino acids. 

[0004] The present inventors have prepared an optically active quaternary ammonium salt having axial asymmetry, 
and have clearly shown that it can be used as a phase-transfer catalyst for stereoselectively synthesizing a-alkyl-a- 
35 amino acids and a,a-dialkyl-a-amino acids (see Japanese Laid-Open Patent Publication No. 2001-48866; Japanese 
Laid-Open Patent Publication No. 2003-81976; and Ooi, T. et al. (2000). J. Am. Chem. Soc. 122:5228). For example, 
a spiro-compound represented by the following formula is very effective for stereoselectively producing a,a-dialkyl-a- 
amino acids because it catalyzes the stereoselective double alkylation of glycine derivatives and the stereoselective 
monoalkylation a-alkyl-a-amino acid derivatives: 

40 




50 

(where PhF 3 represents a 3,4,5-trifluorophenyl group). However, the preparation of such spiro-type catalysts requires 
many steps, and for example, if chiral binaphthol, which is easily available, is used as the starting raw material, then 
eleven process steps are required just to prepare the left half of this catalyst structure. Therefore, drawbacks of con- 
ventional optically active quaternary ammonium salts having axial asymmetry are extremely time-consuming and costly 
55 nature of their preparation. 
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Disclosure of Invention 

[0005] It is an object of the present invention to provide a chiral phase-transfer catalyst that has a simple structure 
and that can be produced in a fewer number of steps. 

[0006] The present invention provides a compound represented by the following formula (I): 



R 1 




wherein 

R 1 , R 1 ', R 2 , and R 2 ' are each independently: 

a hydrogen atom; 
a halogen atom; 

a C, to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a Ci to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 3 and R 3 ' are each independently: 

a halogen atom; 

a C, to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a C 1 to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 4 and R 4 ' are groups independently selected from the group consisting of: 

(i) a hydrogen atom; 

(ii) -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C : to C 4 alkyl group that may 
be substituted with a halogen atom); 

(iii) a cyano group; 

(iv) a nitro group; 

(v) a carbamoyl group; 

(vi) an N-(Ci to C 4 alkyl)carbamoyl group; 

(vii) an N,N-di(C 1 to C 4 alkyl)carbamoyl group; 

(viii) -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

(ix) a halogen atom; 

(x) a C 1 to C 6 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(xi) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(xii) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
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halogen atom; 

(xiii) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 

5 a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C-, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 

io nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 

group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
15 be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 
20 -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; 

(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryi moiety may be substituted with 
25 at least one group selected from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

30 and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 

independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an IM-fC^ to C 4 alkyl)carbamoyl group, an N,N-di(Ci to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 

35 a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

40 an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

45 

(xv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
so a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
55 group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 

with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C-, to C 4 alkyl group that may 
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be substituted with a halogen atom), 
a nitro group, 
a carbamoyl group, 
an U-{Ci to C 4 alkyl)carbamoyl group, 
5 an N,N-di(C 1 to C 4 a!kyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

io or may be substituted with -0-(CH 2 )p-0- (where p is 1 or 2) at positions 3 and 4 that are taken together; 

(xvi) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
15 a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
20 group, or -NHCOR 9 (where R 9 is a C 1 to C 4 aikyl group that may be branched and that may be substituted 

with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom), 
25 a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C-| to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
so halogen atom), and 

a halogen atom; and 

(xvii) -S(0) n -R (where n is 0, 1 , or 2, and R is a to C 4 alkyl group that may be branched and that may be 
substituted with a halogen atom); 

35 

R 7 and R 8 are groups independently selected from the group consisting of: 

(i) a C-, to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

40 (ii) a C 2 to C 12 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 

halogen atom; 

(iii) a C 2 to C 12 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(iv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
45 consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C-, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 

so and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 

independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 

55 a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
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a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N.N-d'KC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
5 halogen atom), and 

a halogen atom; 

(v) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

10 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
15 independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 

nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

20 -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 
25 an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; 

30 (vi) -(CH 2 ) n OCONR 10 R 11 (where R 10 and R 11 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with 
35 a halogen atom; 

(4) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

(5) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 

40 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
45 each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 

atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

so -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Cf to C 4 alkyl)carbamoyl group, 
55 an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and a halogen atom; 
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(6) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with 
at least one group selected from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
5 a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
io alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 

that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
15 a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
20 a halogen atom), and 

a halogen atom; 

(7) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

25 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
30 each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 

atom), a nitro group, a carbamoyl group, an N-(0, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

35 -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 
40 an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; and 

45 (8) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 

from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

so an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 

55 that may be substituted with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a O, to C 4 alkyl group that 
may be substituted with a halogen atom), 
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a nitro group, 

a carbamoyl group, 

an N-(C-| to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(vii) -(CH 2 ) n CONR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(Ci to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, aC., to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C : to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 

a halogen atom; and n is an integer from 1 to 12); 

(viii) -(CH 2 ) n NR 12 COR 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 
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(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 0, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alky! group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, aC 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C-| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(ix) -(CH 2 ) n NR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
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each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(Ci to C 4 alkyl)carbamoyl group, an N,N-di(a, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a O, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a O, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C! to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12) ; 

(x) -(CH 2 ) n Y-OR 12 (where Y is a C, to C 4 divalent saturated hydrocarbon group that may be branched and that 
may be substituted with a halogen atom, and R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C A to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 
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an N-^ to C 4 alkyl)carbamoyl group, 
an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xi) -(CH 2 ) n -OR 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-fO, to C 4 alkyl)carbamoyl group, an N,N-di(0, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 
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a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
5 each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 

atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(0, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

io -NR30R31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 
15 an N.N-diJC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; 

20 and n is an integer from 1 to 12); 

(xii) -(CH 2 ) n -S-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

25 (3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 

consisting of : 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

30 an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-fC-, to C 4 alkyl)carbamoyl group, an N,N-di(Ci to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 

35 that may be substituted with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
a nitro group, 
40 a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 
an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a 0, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
45 a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

so a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 

55 atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 

alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C A to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 
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-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xiii) -(CH 2 ) n -SO-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C! to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyljcarbamoyl group, 

an N.N-di^ to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 
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and n is an integer from 1 to 12); and 

(xiv) -(CH 2 ) n -S0 2 -R 12 (where R 12 is a group selected from the group consisting of: 
(1) a hydrogen atom; 

5 (2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
io a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
15 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 

that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 
may be substituted with a halogen atom), 
20 a nitro group, 

a carbamoyl group, 

an N-{Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
25 a halogen atom), and 

a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

30 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R :i() and R 31 are 
35 each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 

atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

40 -N R 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Cf to C 4 alkyl)carbamoyl group, 
45 an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; 

so and n is an integer from 1 to 12); or 

R 7 and R 8 are taken together to form a divalent group selected from the group consisting of: 

-(CH 2 ) m - (where m is an integer from 2 to 8); 
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(wherein R20, R21, R22, R23 r24 R 25_ R 26 R 27 R 28 i R 29 R 41 ; and R 42 are gr0 ups independently selected from 
the group consisting of: 

a hydrogen atom; 

a to C 8 alkyl group that may be branched or form a cyclic group, and/orthat may be substituted with a halogen 
atom; 

a C 2 to C 8 alkenyl group that may be branched or form a cyclic group, and/or that may be substituted with a 
halogen atom; 

a C 2 to C 8 alkynyl group that may be branched or form a cyclic group, and/or that may be substituted with a 
halogen atom; 

an aryl group, which may be substituted with a to C 4 alkyl group that may be substituted with a halogen 
atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, an aryl group that may be substituted 
with a C, to C 4 alkyl group that may be substituted with a halogen atom, a cyano group, a halogen atom, a nitro 
group, - NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 
may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 
a hetroaryl group, which has an aryl moiety that may be substituted with a C 1 to C 4 alkyl group that may be 
substituted with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano 
group, a halogen atom, a nitro group, NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom 
or a C A to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

an aralkyl group, which has an aryl moiety that may be substituted with a to C 4 alkyl group that may be 
substituted with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano 
group, a halogen atom, a nitro group, NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom 
or a Ci to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

a hetroaralkyl group, which has a hetroaryl moiety that may be substituted with a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom, a Cf to C 3 alkoxy group that may be substituted with a halogen atom, a 
cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen 
atom or a to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is 
formed by a C 2 to C 8 alkylene group; 
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a (C 1 to C 3 alkoxy)carbonyl group; 
a carbamoyl group; 

an N-(C! to C 4 alkyl)carbamoyl group; and 

an N,N-di(C| to C 4 alkyl)carbamoyl group (where the to C 4 alkyl groups may be the same or different)); and 

X" is an anion selected from the group consisting of a halide anion, SCN", HS0 4 , HF 2 ", CF 3 S0 3 -, CH 3 -Ph-S0 3 -, and 
CH 3 S0 3 ". 

[0007] In one embodiment, each of R 1 , R 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula (I) is a 
Ci to C 5 alkoxy group that may be branched or form a cyclic group and that may be substituted with a halogen atom. 
[0008] In one embodiment, each of R 1 , R 1 ', R 2 , R 2 ', R 3 and R 3 ' of the compound represented by the formula (I) is a 
methoxy group, an ethoxy group, or a benzyloxy group. 

[0009] In one embodiment, R 4 and R 4 ' of the compound represented by the formula (I) are groups independently 
selected from the group consisting of: 

a hydrogen atom; and 

an aryl group, wherein the aryl group may be substituted with at least one group selected from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each independ- 
ently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a carbamoyl 
group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N.N-ditC, to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where 
R 9 is a C t to C 4 alkyl group that may be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be 

substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

a halogen atom. 

[0010] In a further embodiment, each of R 4 and R 4 ' of the compound represented by the formula (I) is a 3,4,5-trifluor- 
ophenyl group or a 3,5-bis(trifluoromethyl)phenyl group. 

[0011] In one embodiment, R 7 and R 8 of the compound represented by the formula (I) are each independently a C, 
to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen atom. 
[0012] In a further embodiment, R 7 and R 8 of the compound represented by the formula (I) are both n-butyl groups. 
[0013] The present invention also provides a method for producing the compound represented by the formula (I) 
described above, comprising: 

a step of reacting a compound represented by the following formula (II): 



R 1 




:h 2 z 



:h 2 z 



(ID 
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with a secondary amine represented by the following formula (III) : 



HN 

V (in) 

in an organic solvent in the presence of an acid-scavenging agent; 

wherein in the formula (II): 

R 1 , R 1 ', R 2 , and R 2 ' are each independently: 

a hydrogen atom; 

a to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a Cf to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 3 and R 3 ' are each independently: 

a halogen atom; 

a C-| to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a C 1 to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 4 and R 4 ' are each independently: 

(i) a hydrogen atom; 

(ii) -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group than may 
be substituted with a halogen atom); 

(iii) a cyano group; 

(iv) a nitro group; 

(v) a carbamoyl group; 

(vi) an N-(Cf to C 4 alkyl)carbamoyl group; 

(vii) an N,N-di(C 1 to C 4 alkyl)carbamoyl group; 

(viii) -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

(ix) a halogen atom; 

(x) a C 1 to C 6 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen 

(xi) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(xii) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(xiii) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C-, to C 4 alkyl group that may 
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be substituted with a halogen atom), 
a nitro group, 
a carbamoyl group, 
an U-{Ci to C 4 alkyl)carbamoyl group, 
5 an N,N-di(C 1 to C 4 a!kyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

io (xiv) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with 

at least one group selected from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

15 an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 

20 with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
25 a carbamoyl group, 

an N-JC, to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C t to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
30 a halogen atom; 

(xv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

35 a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 

40 nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 

group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 
45 be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-d'^C, to C 4 alkyl)carbamoyl group, 
so -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; 

-or may be substituted with -0-(CH 2 ) p -0- (where p is 1 or 2) at positions 3 and 4 that are taken together; 
55 (xvi) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 

the group consisting of: 

a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
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a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
5 nitro group, a carbamoyl group, an N-tC^ to C 4 alkyl)carbamoyl group, an N.N-dKC, to C 4 alkyl)carbamoyl 

group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
io be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 
15 -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; and 

(xvii) -S(0) n -R (where n is 0, 1 , or 2, and R is a C 1 to C 4 alkyl group that may be branched); and 

20 

Z is a halogen atom; 
and in the formula (III): 

R 7 and R 8 are groups independently selected from the group consisting of: 

25 (i) a C, to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted with a 

halogen atom; 

(ii) a C 2 to C 12 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(iii) a C 2 to C 12 alkynyl group that may be branched orform a cyclic group and that may be substituted with a 
so halogen atom; 

(iv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
35 a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N.N-diJC, to C 4 alkyl)carbamoyl 
40 group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 

with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 
be substituted with a halogen atom), 
45 a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
so halogen atom), and 

a halogen atom; 

(v) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

55 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
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and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Cf to C 4 alkyl)carbamoyl group, 

an N.N-d'KC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(vi) -(CH 2 ) n OCONR 10 R 11 (where R 10 and R 11 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

(4) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

(5) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, aC 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(Ci to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

(6) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with 
at least one group selected from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C : to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C A to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 
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-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

(7) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(8) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C., to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

- NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 

a halogen atom; and n is an integer from 1 to 12); 
(vii) -(CH 2 ) n CONR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 
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(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
5 a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
io alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 

that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
15 a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
20 a halogen atom), and 

a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

25 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
30 each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 

atom), a nitro group, a carbamoyl group, an N-(0, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

35 -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 
40 an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; 

45 and n is an integer from 1 to 12); 

(viii) -(CH 2 ) n NR 12 COR 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

so (3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 

consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
55 an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C-, to C 4 
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alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C-, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12) ; 

(ix) -(CH 2 ) n NR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of : 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 
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-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

5 (4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 

from the group consisting of: 

a C-i to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

io an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 

15 that may be substituted with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 
may be substituted with a halogen atom), 
a nitro group, 
20 a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
25 a halogen atom; 

and n is an integer from 1 to 12); 

(x) -(CH 2 ) n Y-OR 12 (where Y is a C 1 to C 4 divalent saturated hydrocarbon group that may be branched and that 
may be substituted with a halogen atom, and R 12 is a group selected from the group consisting of: 

30 

(1) a hydrogen atom; 

(2) a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

35 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
40 each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 

atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

45 -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 0, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 
so an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; and 

55 (4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 

from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
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a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Cf to C 4 alkyl)carbamoyl group, 

an N.N-diJC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xi) -(CH 2 ) n -OR 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C-, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Cf to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(0, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a O, to C 4 alkyl group that 
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may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C-| to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xii) -(CH 2 ) n -S-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C-, to C 4 alkyl group that 

may be substituted with a halogen atom), a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, aC., to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C-, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

NR30R31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Cf to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 
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(xiii) -(CH 2 ) n -SO-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C-i to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyi group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C., to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); and 

(xiv) -(CH 2 ) n -S0 2 -R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
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an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(a, to C 4 
5 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 

that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 
may be substituted with a halogen atom), 
io a nitro group, 

a carbamoyl group, 

an N-(Cf to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
15 a halogen atom), and 

a halogen atom; and 



(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

20 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
25 each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 

atom), a nitro group, a carbamoyl group, an N-(C-, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

so .|\|R30R31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C-| to C 4 alkyl)carbamoyl group, 
35 an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyi group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; 

40 and n is an integer from 1 to 12); or 

R 7 and R 8 are taken together to form a divalent group selected from the group consisting of: 

-(CH 2 ) m - (where m is an integer from 2 to 8); 
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(wherein R 20 , R 21 , R 22 , R 23 , R 24 , R 25 , R 2S , R 27 , R 28 , R 29 , R 41 , and R 42 are groups independently selected from 
the group consisting of: 

a hydrogen atom; 

a Ci to C 8 alkyl group that may be branched or form a cyclic group, and/or that may be substituted with a 
halogen atom; 

a C 2 to C 8 alkenyl group that may be branched or form a cyclic group, and/or that may be substituted with 
a halogen atom; 

a C 2 to C 8 alkynyl group that may be branched or form a cyclic group, and/or that may be substituted with 
a halogen atom; 

an aryl group, which may be substituted with a C, to C 4 alkyl group that may be substituted with a halogen 
atom, a to C 3 alkoxy group that may be substituted with a halogen atom, an aryl group that may be 
substituted with a to C 4 alkyl group that may be substituted with a halogen atom, a cyano group, a 
halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 
C 1 to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

a hetroaryl group, which may be substituted with a C-, to C 4 alkyl group that may be substituted with a 
halogen atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, a cyano group, a 
halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 
C 1 to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

an aralkyl group, which has an aryl moiety that may be substituted with a C 1 to C 4 alkyl group that may be 
substituted with a halogen atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, a 
cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a 
hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino 
group that is formed by a C 2 to C 8 alkylene group; 

a hetroaralkyl group, which has a hetroaryl moiety that may be substituted with a C-, to C 4 alkyl group that 
may be substituted with a halogen atom, a C, to C 3 alkoxy group that may be substituted with a halogen 
atom, a cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently 
a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino 
group that is formed by a C 2 to C a alkylene group; 
a (Cf to C 3 alkoxy)carbonyl group; 
a carbamoyl group; 

an N-{Ci to C 4 alkyl)carbamoyl group; and 

an N,N-di(C-| to C 4 alkyl)carbamoyl group (where the to C 4 alkyl groups may be the same or different)). 
[0014] In one embodiment, each of R 1 , R 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula (II) is a 
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Ci to C 5 alkoxy group that may be branched or form a cyclic group and that may be substituted with a halogen atom. 
[0015] In one embodiment, each of Ft 1 , R 1 ', R 2 , R 2> , R 3 , and R 3 ' of the compound represented by the formula (II) is a 
methoxy group, an ethoxy group, or a benzyloxy group. 

[0016] In one embodiment, R 4 and R 4 ' of the compound represented by the formula (II) are groups independently 
selected from the group consisting of: 

a hydrogen atom; and 

an aryl group, wherein the aryl group may be substituted with at least one group selected from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom, acyano group, -NR 30 R 31 (where R 30 and R 31 are each independ- 
ently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a nitro group, a 
carbamoyl group, an hi-(C^ to C 4 alkyl)carbamoyl group, an N.N-difC., to C 4 alkyl)carbamoyl group, or -NHCOR 9 
(where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be 

substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

a halogen atom. 

[0017] In a further embodiment, each of R 4 and R 4 ' of the compound represented by the formula (II) is a 3,4,5- 
trifluorophenyl group or a 3,5-bis(trifluoromethyl)phenyl group. 

[0018] In one embodiment, R 7 and R 8 of the compound represented by the formula (III) are each independently a C 1 
to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen atom. 
[0019] In a further embodiment, R 7 and R 8 of the compound represented by the formula (III) are both n-butyl groups. 
[0020] The present invention also provides a method for stereoselectively producing a compound represented by the 
formula (VI): 




(VI) 



comprising: 



a step of alkylating a compound represented by the formula (IV): 




(IV) 



with a compound of the formula (V): 



Ris-W 



(V) 
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using a compound represented by the formula (I) that is pure with respect to its axial asymmetry as a phase-transfer 
catalyst: 



in a medium in the presence of an inorganic base, 
wherein in the formula (I), 

R 1 , R 1 ', R 2 , and R 2 ' are each independently: 

a hydrogen atom; 
a halogen atom; 

a C-, to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a C 1 to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 3 and R 3 ' are each independently: 

a halogen atom; 

a C, to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a G, to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 4 and R 4 ' are each independently a group selected from the group consisting of: 

(i) a hydrogen atom; 

(ii) -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group than may 
be substituted with a halogen atom); 

(iii) a cyano group; 

(iv) a nitro group; 

(v) a carbamoyl group; 

(vi) an N-(Ci to C 4 alkyl)carbamoyl group; 

(vii) an N,N-di(C 1 to C 4 alkyl)carbamoyl group; 

(viii) -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

(ix) a halogen atom; 

(x) a C 1 to C 6 alkyl group that may be branched orform a cyclic group and that may be substituted with a halogen 
atom; 

(xi) a C 2 to C 6 alkenyl group that may be branched orform a cyclic group and that may be substituted with a 
halogen atom; 

(xii) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(xiii) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 




R 1 



(I) 
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selected from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(Cf to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C! to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with 
at least one group selected from the group consisting of: 

a C-| to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R3 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(xv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C-, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
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a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N.N-d'KC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

or may be substituted with -0-(CH 2 ) p -0- (where p is 1 or 2) at positions 3 and 4 that are taken together; 
(xvi) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 



a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C! to C 4 alkyl)carbamoyl group, 

an N,N-di(C| to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(xvii) -S(0) n -R (where n is 0, 1 , or 2, and R is a Cf to C 4 alkyl group that may be branched and that may be 
substituted with a halogen atom); 

R 7 and R 8 are each independently a monovalent organic group or are taken together to form a divalent organic 

group; and 

X- is a halide anion; 

in the formula (IV) and formula (VI), 

R 14 and R 15 are each independently a group selected from the group consisting of: 

(i) a hydrogen atom; or 

(ii) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom; 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom); 
a cyano group; 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom); 

a nitro group; 

a carbamoyl group; 

an N-(C, to C 4 alkyl)carbamoyl group; 

an N.N-di^ to C 4 alkyl)carbamoyl group; 
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-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); and 
a halogen atom; 

with the proviso that a case where both R 14 and R 15 are hydrogen atoms is excluded, 
R 16 is a group selected from the group consisting of: 

(i) a hydrogen atom; 

(ii) a C 1 to C 10 alkyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom, wherein the alkyl group may be substituted with at least one group selected from the group 
consisting of: 

a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), 
a halogen atom, 

-COR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom), and 

-C0 2 R 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

(iii) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(iv) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(v) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-dKC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at 
least one group selected from the group consisting of: 

a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
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a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-dKC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(vii) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(viii) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 
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-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

5 R17 is a C, to C 8 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen 

atom; 

in the formula (V) and formula (VI), 

R 18 is a group selected from the group consisting of: 

io (i) a C 1 to C 10 alkyl group that may be branched or form a cyclic group and that may be substituted with a 

halogen atom, wherein the alkyl group may be substituted with at least one group selected from the group 
consisting of: 



a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
15 a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 
20 an N-[Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), 
a halogen atom, 

25 -COR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

-C0 2 R 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

so (ii) a C 3 to C 9 allyl group or substituted allyl group that may be branched or form a cyclic group and that may 

be substituted with a halogen atom; 

(iii) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(iv) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
35 halogen atom; 

(v) an aralkyl group, wherein the aryi moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 

a C-| to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
40 a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an H-{Cf to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
45 group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 

with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom), 
so a nitro group, 

a carbamoyl group, 

an N-(C! to C 4 alkyl)carbamoyl group, 

an N.N-d'^C, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
55 halogen atom), and 

a halogen atom; 
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least one group selected from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(Cf to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(vii) a C 3 to C 9 propargyl group or substituted propargyl group that may be branched and that may be substituted 
with a halogen atom; and 
in the formula (V), 

W is a functional group having a leaving ability, and 
in the formula (VI), 

* shows a newly produced asymmetric center. 

[0021] In one embodiment, R 7 and R 8 of the compound represented by the formula (I) are groups independently 
selected from the group consisting of: 

(i) aC! to C 30 alkyl groupthat may be branched orform acyclic group and that may besubstituted with a halogen atom; 

(ii) a C 2 to C 12 alkenyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(iii) a C 2 to C 12 alkynyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(iv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group consisting 
of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each independ- 
ently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a nitro group, a 
carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an r\l,N-di(C| to C 4 alkyl)carbamoyl group, or -NHCOR 9 
(where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be 

substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyljcarbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 isa^ to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

a halogen atom; 

(v) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from the 



37 



EP 1 870 403 A1 

group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom, acyano group, -NR 30 R 31 (where R 30 and R 31 are each independ- 
ently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a nitro group, a 
carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N,N-di(C-, to C 4 alkyl)carbamoyl group, or -NHCOR 9 
(where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be 

substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C| to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 isaC, to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

a halogen atom; 

(vi) -(CH 2 ) n OCONR 10 R 11 (where R 10 and R 11 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(4) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(5) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C-, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(6) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at 
least one group selected from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 

independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
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nitro group, a carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(7) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an H-{Cf to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(8) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC! to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 
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and n is an integer from 1 to 12); 

(vii) -(CH 2 ) n CONR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 
(1) a hydrogen atom; 

5 (2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
io a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an H-(C^ to C 4 alkyl)carbamoyl group, an N,N-di(Ci to C 4 alkyl)carbamoyl 
15 group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 

with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom), 
20 a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
25 halogen atom), and 

a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

30 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C t to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C-, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
35 independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 

nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

40 -NR30R31 ( w here R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{C\ to C 4 alkyl)carbamoyl group, 
45 an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom, 

so and n is an integer from 1 to 12); 

(viii) -(CH 2 ) n NR 12 COR 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

55 (3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 

consisting of: 

a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
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a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-dKC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(ix) -(CH 2 ) n NR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C-, to C 4 alkyl group that may 
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be substituted with a halogen atom), 
a nitro group, 
a carbamoyl group, 
an U-{Ci to C 4 alkyl)carbamoyl group, 
5 an N,N-di(C 1 to C 4 a!kyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

io (4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 

the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

15 an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 ' alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 

20 with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
25 a carbamoyl group, 

an N-JC, to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C t to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
30 a halogen atom; 

and n is an integer from 1 to 12); 

(x) -(CH 2 ) n Y-OR 12 (where Y is a to C 4 divalent saturated hydrocarbon group that may be branched and that may 
be substituted with a halogen atom, and R 12 is a group selected from the group consisting of: 

35 

(1) a hydrogen atom; 

(2) a C-i to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

40 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
45 independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 

nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

so -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Cf to C 4 alkyl)carbamoyl group, 
55 an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; and 
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(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an hi-(Cf to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N^C, to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xi) -(CH 2 ) n -OR 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C-i to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C t to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 

independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 

nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
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group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom, 

and n is an integer from 1 to 12); 

(xii) -(CH 2 ) n -S-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C-| to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 
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-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom, 

5 and n is an integer from 1 to 12); 

(xiii) -(CH 2 ) n -SO-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

io (3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 

consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

15 an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 

20 with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
25 a carbamoyl group, 

an N-JC, to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C t to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
so a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

35 a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyi group that may be substituted with a halogen atom), a 

40 nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 

group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 
45 be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-d'^C, to C 4 alkyl)carbamoyl group, 
so -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; 

and n is an integer from 1 to 12); and 
55 (xiv) -(CH 2 ) n -S0 2 -R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C-i to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 
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(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 



a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an hi-(Cf to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an H-(Cf to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Cf to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); or 

R 7 and R 8 are taken together to form a divalent group selected from the group consisting of: 
-(CH 2 ) m - (where m is an integer from 2 to 8) ; 



consisting of: 
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10 



15 




(where R 20 , R21, R 22 , R23, R 24, R 25 ! R 26 > R 27 ) R 28 R 29 R 41 > and R 42 are groups independently selected from the 
group consisting of: 

25 a hydrogen atom; 

a to C a alkyl group that may be branched or form a cyclic group, and/orthat may be substituted with a halogen 
atom; 

a C 2 to C 8 alkenyl group that may be branched or form a cyclic group, and/or that may be substituted with a 
halogen atom; 

so a C 2 to C a alkynyl group that may be branched or form a cyclic group, and/or that may be substituted with a 

halogen atom; 

an aryl group, which may be substituted with a to C 4 alkyl group that may be substituted with a halogen 
atom, a C, to C 3 alkoxy group that may be substituted with a halogen atom, an aryl group that may be substituted 
with a to C 4 alkyl group that may be substituted with a halogen atom, a cyano group, a halogen atom, a nitro 

35 group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that 

may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 
a hetroaryl group, which may be substituted with a C, to C 4 alkyl group that may be substituted with a halogen 
atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano group, a halogen atom, a 
nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

40 that may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 

an aralkyl group, which has an aryl moiety that may be substituted with a to C 4 alkyl group that may be 
substituted with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano 
group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom 
or a Cf to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 

45 by a C 2 to C 8 alkylene group; 

a hetroaralkyl group, which has a hetroaryl moiety that may be substituted with a C-, to C 4 alkyl group that may 
be substituted with a halogen atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, a 
cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen 
atom or a to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is 

so formed by a C 2 to C a alkylene group; 

a (C 1 to C 3 alkoxy)carbonyl group; 
a carbamoyl group; 

an H-(Cf to C 4 alkyl)carbamoyl group; and 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group (where the C 1 to C 4 alkyl groups may be the same or different)). 

55 

[0022] In a further embodiment, each of R 1 , R r , R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula (I) 
is a to C 5 alkoxy group that may be branched or form a cyclic group and that may be substituted with a halogen atom. 
[0023] In another embodiment, each of R 1 , R r , R 2 , R 2 ', R 3 and R 3 ' of the compound represented by the formula (I) 
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is a methoxy group, an ethoxy group, or a benzyloxy group. 

[0024] In a further embodiment, R 4 and R 4 ' of the compound represented by the formula (I) are groups independently 
selected from the group consisting of: 

a hydrogen atom; and 

an aryl group, wherein the aryl group may be substituted with at least one group selected from the group consisting of: 

a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom, acyano group, -NR 30 R 31 (where R 30 and R 31 are each independ- 
ently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a nitro group, a 
carbamoyl group, an N-[C^ to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl group, or -NHCOR 9 
(where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may be 

substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C| to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

a halogen atom. 

[0025] In a still further embodiment, each of R 4 and R 4 ' of the compound represented by the formula (I) is a 3,4,5- 
trifluorophenyl group or a 3,5-bis(trifluoromethyl)phenyl group. 

[0026] In a further embodiment, R 7 and R 8 of the compound represented by the formula (I) are each independently a 
Ci to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen atom. 
[0027] In a still further embodiment, R 7 and R 8 of the compound represented by the formula (I) are both n-butyl groups. 
[0028] In one embodiment, the inorganic base is used in the form of an aqueous inorganic-base solution. 
[0029] In a further embodiment, the inorganic base in the aqueous inorganic-base solution is used in a ratio of at least 
0.5 equivalents up to 280 equivalents per 1 equivalent of the compound represented by the formula (IV). 
[0030] Inastillfurtherembodiment,aconcentrationoftheaqueousinorganic-basesolutionisfrom10w/w%to70w/w%. 
[0031] In a still further embodiment, the compound represented by the formula (I) is used in a ratio of 0.0001 mol% 
to 1 0 mol% per 1 mol of the compound represented by the formula (IV). 

[0032] In a still further embodiment, a volume ratio between the medium and the aqueous inorganic-base solution is 
7:1 to 1:5. 

[0033] The present invention also provides a method for producing an optically active cx-amino acid, comprising: 
[0034] a step of hydrolyzing an imino group (R 14 R 15 C=N-) of the compound represented by the formula (VI) that is 
obtained by any one of the above-described method under acidic conditions: 



(wherein R 14 , R 15 , R 16 , R 17 , and R 18 are the same groups as defined above); and 

a step of hydrolyzing an ester group (-C0 2 R 17 ) of the acid-hydrolysis product under acidic or basic conditions. 
[0035] The present invention also provides a method for producing an optically active a-amino acid, comprising: 

a step of hydrolyzing an ester group (-C0 2 R 17 ) of the compound represented by the formula (VI) that is obtained 
by any one of the above-described method under basic conditions: 




(VI) 
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(wherein R 14 , R 15 , R 16 , R 17 , and R 18 are the same groups as defined above); and 
io a step of hydrolyzing an imino group (R 14 R 15 C=N-) of the basw-hydro lysis product under acidic conditions. 

[0036] The present invention provides a chiral phase-transfer catalyst that has a more simplified structure. This phase- 
transfer catalyst can be produced in a fewer steps than conventional ones. Thus, the phase-transfer catalyst of the 
present invention that can be provided more easily can be used, for example, in the synthesis of a-alkyl-a-amino acid 
15 derivatives and a,a-dialkyl-a-amino acid. 

Best Mode for Carrying Out the Invention 

[0037] Hereinafter, the terms used in the present invention will be defined. 

20 [0038] The phrase "C 1 to C n alkyl group that maybe branched or form acyclic group" (where n is an integer) includes 
any linear alkyl group having 1 to n carbon atoms, any branched alkyl group having 3 to n carbon atoms, and any cyclic 
alkyl group having 3 to n carbon atoms. Examples of linear alkyl groups having 1 to 6 carbon atoms include methyl, 
ethyl, n-propyl, n-butyl, n-pentyl, and n-hexyl. Examples of branched alkyl groups having 3 to 6 carbon atoms include 
isopropyl, isobutyl, tert-butyl, and isopentyl. Examples of cyclic alkyl groups having 3 to 6 carbon atoms include cyclobutyl, 

25 cyclopentyl, and cyclohexyl. Furthermore, when "C-, to C 12 alkyl group that may be branched or form a cyclic group 
and/or may be substituted with a halogen atom" is referred to, any linear alkyl group having 1 to 12 carbon atoms, any 
branched alkyl group having 3 to 1 2 carbon atoms, and any cyclic alkyl group having 3 to 1 2 carbon atoms are included, 
and a hydrogen atom at any position of these alkyl groups may be substituted with a halogen atom. Examples of alkyl 
groups include n-heptyl, isoheptyl, n-octyl, isooctyl, n-decyl, and n-dodecyl. 

30 [0039] In N-(C 1 to C 4 alkyl) carbamoyl groups and N,N-di(C 1 to C 4 alkyl) carbamoyl groups, "C 1 to C 4 alkyl" means a 
Ci to C 4 linear alkyl group or a C 3 to C 4 branched alkyl group. 

[0040] The phrase "C 2 to C n alkenyl group that may be branched orform acyclic group" (where n is an integer) includes 
any linear alkenyl group having 2 to n carbon atoms, any branched alkenyl group having 3 to n carbon atoms, and any 
cyclic alkenyl group having 3 to n carbon atoms. Examples of linear alkenyl groups having 2 to 6 carbon atoms include 

35 ethenyl, 1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 1-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, and 1-hexenyl. 
Examples of branched alkenyl groups having 3 to 6 carbon atoms include isopropenyl, 1-methyl-1-propenyl, 1-methyl- 
2-propenyl, 2-methyl-1 -propenyl, 2-methyl-2-propenyl, and 1 -methyl-2-butenyl. Examples of cyclic alkenyl groups having 
3 to 6 carbon atoms include cyclobutenyl, cyclopentenyl, and cyclohexenyl. Furthermore, when "C 2 to C 12 alkenyl group 
that may be branched or form a cyclic group and/or may be substituted with a halogen atom" is referred to, any linear 

40 alkenyl group having 2 to 12 carbon atoms, any branched alkenyl group having 3 to 12 carbon atoms, and any cyclic 
alkenyl group having 3 to 12 carbon atoms are included, and a hydrogen atom at any position of these alkenyl groups 
may be substituted with a halogen atom. Examples of such alkenyl groups include 1 -heptenyl, 2-heptenyl, 1 -octenyl, 1 - 
decenyl, and 1-dodecenyl. 

[0041 ] The phrase "C 2 to C n alkynyl group that may be branched orform a cyclic group" (where n is an integer) includes 
45 any linear alkynyl group having 2 to n carbon atoms, any branched alkynyl group having 3 to n carbon atoms, and any 
cyclic alkynyl group having 3 to n carbon atoms. Examples of linear alkynyl groups having 2 to 6 carbon atoms include 
ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, and 1-hexynyl. Examples of branched alkynyl groups 
having 3 to 6 carbon atoms include 1-methyl-2-propynyl. Examples of cyclic alkynyl groups having 3 to 6 carbon atoms 
include cyclopropylethynyl, and cyclobutylethynyl. Furthermore, when "C 2 to C 12 alkynyl group that may be branched 
so orform a cyclic group and/or may be substituted with a halogen atom" is referred to, any linear alkynyl groups having 1 
to 12 carbon atoms, any branched alkynyl groups having 3 to 12 carbon atoms, and any cyclic alkynyl groups having 3 
to 12 carbon atoms are included, and a hydrogen atom at any position of these alkynyl groups may be substituted with 
a halogen atom. Examples of such alkynyl groups include 1-heptynyl, 1-octynyl, 1-decynyl, and 1-dodecynyl. 
[0042] The phrase "C 1 to C n alkoxy group that may be branched" (where n is an integer) includes alkoxy groups having 
55 any linear alkyl groups having 1 to n carbon atoms and alkoxy groups having any branched alkyl groups having 3 to n 
carbon atoms. Examples thereof include methyloxy, ethyloxy, n-propyloxy, isopropyloxy, and tert-butyloxy. 
[0043] Examples of "aralkyl group" in the present invention include benzyl, phenethyl, and naphthylmethyl. 
[0044] Examples of "heteroaralkyl group" in the present invention include pyridylmethyl, indolylmethyl, furylmethyl, 
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thienylmethyl, and pyrrolylmethyl. 

[0045] Examples of "aryl group" in the present invention include phenyl, naphthyl, anthracenyl and phenanthryl. 
[0046] Examples of "heteroaryl group" in the present invention include pyridyl, pyrrolyl, imidazolyl, furyl, indolyl, ben- 
zothiophen-2-yl, thienyl, oxazolyl, thiazolyl, 3,4-methylenedioxyphenyl, 3,4-ethylenedioxyphenyl and tetrazolyl. 
5 [0047] Examples of "halogen atom" in the present invention include a chlorine atom, a bromine atom, an iodine atom, 
and a fluorine atom. In the present invention, the term "halide anion" refers to halogen ions and examples thereof include 
a chloride ion, a bromide ion, an iodide ion and a fluoride ion. 

[0048] The phrase "C 3 to C n allyl group or substituted allyl group that may be branched or form a cyclic group" (where 
n is an integer) refers to allyl groups or any substituted allyl groups having a substituent(s) at position 1 and/or 2 and/or 
io 3 and having 4 to n carbon atoms in total, and for example, includes 2-butenyl, 1-cyclopentenylmethyl, and 3-methyl-2- 
butenyl. 

[0049] The phrase "C 3 to C n propargyl group or substituted propargyl group that may be branched" (where n is an 
integer) refers to propargyl groups or any substituted propargyl groups having a substituent(s) at position 1 and/or 3 and 
having 4 to n carbon atoms in total, and for example, includes 2-butynyl, and 3-trimethylsilyl-2-propynyl. 
15 [0050] In the present invention, the term "functional group having a leaving ability" means an atom or a group of atoms 
that leaves from a substrate in a substitution reaction or an elimination reaction, that is, a leaving group, and for example, 
includes a halogen atom, and a sulfonyloxy group. 

[0051] In the present specification, the term "group (Q)" is used to simplify the description, for convenience, and is 
referred to the group consisting of: 

20 

a C, to C 4 alkyl group that may be branched, 
a C, to C 5 alkoxy group that may be branched, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched and that 
may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each independently a 
25 hydrogen atom or a to C 4 alkyl group that may be subt'rtuted with a halogen atom), a nitro group, a carbamoyl 

group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is 
a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom), 
a cyano group, 

so -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may be 

substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyljcarbamoyl group, 
35 an N,N-di(C, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

a halogen atom. 

40 [0052] Hereinafter, the present invention will be described more specifically. 
<Quaternary Ammonium Salt> 

[0053] A quaternary ammonium salt of the present invention is pure with respect to its axial asymmetry, and is a 
45 compound represented by the following formula (I): 
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(where R 1 , R r , R 2 , and R 2 ' are each independently: 

a hydrogen atom; 
a halogen atom; 

a to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be branched 
or form acyclic group; or 

a to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 3 and R 3 ' are each independently: 

a halogen atom; 

a C, to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be branched 
or form a cyclic group; or 

a C 1 to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 4 and R 4 ' are each independently a group selected from the group consisting of: 

(i) a hydrogen atom; 

(ii) -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be 
substituted with a halogen atom); 

(iii) a cyano group; 

(iv) a nitro group; 

(v) a carbamoyl group; 

(vi) an N-{Ci to C 4 alkyl)carbamoyl group; 

(vii) an N,N-di(C, to C 4 alkyl)carbamoyl group; 

(viii) -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom); 

(ix) a halogen atom; 

(x) a Cf to C 6 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen atom; 

(xi) a C 2 to C 6 alkenyl group that may be branched orform a cyclic group and that may be substituted with a halogen 
atom; 

(xii) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(xiii) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group selected 
from the group (Q) consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each independ- 
ently a hydrogen atom or a C-, to C 4 alkyl group that may be substituted with a halogen atom), a nitro group, a 
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carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl group, or -NHCOR 9 
(where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be 

substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

a halogen atom; 

(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at 
least one group selected from the group (Q); 

(xv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group (Q) 
or may be substituted with -0-(CH 2 ) p -0- (where p is 1 or 2) at positions 3 and 4 that are taken together; 

(xvi) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from the 
group (Q); and 

(xvii) -S(0) n -R (where n is 0, 1 , or 2, and R is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom); 

R 7 and R 8 are each independently a monovalent organic group or taken together to form a divalent organic group, and 
X- is a halide anion, SCN", HS0 4 ', HF 2 ", CF 3 S0 3 -, CH 3 -Ph-S0 3 -, or CH 3 S0 3 -). The compound represented by the 
formula (I) may have a configuration of either (S) or (R). 

[0054] The compound represented by the formula (I) functions usefully as a phase-transfer catalyst for producing, for 
example, an optically active rx-amino acid or derivative thereof, and in particular, an a,a-dialkyl-a-amino acid or derivative 
thereof as described later. More specifically, when the compound represented by the formula (I) is used as a phase- 
transfer catalyst in order to produce an optically active a-amino acid or derivative thereof represented by the formula 
(VI) by alkylating a compound represented by the formula (IV) with a compound represented by the formula (V), the 
ammonium moiety constituting a cation of this compound: 



contributes to the stereoselectivity of the alkylation reaction. Therefore, in one embodiment, R 7 and R 8 in the compound 




contributes to the reactivity in the alkylation, and the biphenyl moiety: 




R 1 ' 
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represented by the formula (I) are groups that can retain the catalytic activity and selectivity arising from the ammonium 
moiety and the biphenyl moiety of the cation, respectively (or inhibit neither catalytic activity nor selectivity). For example, 
they can be monovalent organic groups or divalent organic groups that are inactive compared to the ammonium moiety 
and the biphenyl moiety. In other words, it is not necessary for R 7 and R 8 to be groups which themselves (or itself) have 
excellent reactivity, and rather, it is sufficient for them not to adversely affect the reactions in the production of the amino 
acids or derivatives thereof as described later. Alternatively, if the compound represented by the formula (I) is used as 
a phase-transfer catalyst for producing an optically active a-amino acid or a derivative thereof as described later, R 7 
and R 6 in the formula (I) are each independently a monovalent group or a monovalent organic group selected from the 
group consisting of: 

(OaC, to C 30 alkylgraupthat may be branched orform acyclic group and that may be substituted with a halogen atom; 

(ii) a C 2 to C 12 alkenyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(iii) a C 2 to C 12 alkynyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(iv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group (Q); 

(v) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from the 
group (Q); 

(vi) -(CH 2 ) n OCONR 10 R 11 (where R 10 and R 11 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C| to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(4) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(5) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group (Q); 

(6) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at 
least one group selected from the group (Q); 

(7) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q);and 

(8) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); 

(vii) -(CH 2 ) n CONR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(G): and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); 

(viii) -(CH 2 ) n NR 12 COR 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); 

(ix) -(CH 2 ) n NR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
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(Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); 

5 (x) -(CH 2 ) n Y-OR 12 (where Y is a C, to C 4 divalent saturated hydrocarbon group that may be branched and that may 

be substituted with a halogen atom, and R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

io (3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 

(G) ; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12) ; 

15 (xi) -(CH 2 ) n -OR 12 (where R 12 is a group selected from the group consisting of : 

(1) a hydrogen atom; 

(2) a C-| to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
20 (Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); 

(xii) -(CH 2 ) n -S-R 12 (where R 12 is a group selected from the group consisting of: 

25 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

30 (4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 

the group (Q), and n is an integer from 1 to 12) ; 

(xiii) -(CH 2 ) n -SO-R 12 (where R 12 is a group selected from the group consisting of: 

35 (1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
40 the group (Q), and n is an integer from 1 to 12); and 

(xiv) -(CH 2 ) n -S0 2 -R 12 (where R 12 is a group selected from the group consisting of: 
(1) a hydrogen atom; 

45 (2) a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); or 

50 

R 7 and R 8 are taken together to form a (divalent organic) group selected from the group consisting of: 
-(CH 2 ) m - (where m is an integer from 2 to 8); 
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R 28 



(where R2°, R21, R22, r23, R 24, R25, R 26 i R27, R 28 R 29 R 41 ; and R 42 are groups independently selected from the 
group consisting of: 

a hydrogen atom; 

a to C 8 alkyl group that may be branched or form a cyclic group, and/orthat may be substituted with a halogen 
atom; 

a C 2 to C 8 alkenyl group that may be branched or form a cyclic group, and/or that may be substituted with a 
halogen atom; 

a C 2 to C 8 alkynyl group that may be branched or form a cyclic group, and/or that may be substituted with a 
halogen atom; 

an aryl group, which may be substituted with a to C 4 alkyl group that may be substituted with a halogen 
atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, an aryl group that may be substituted 
with a to C 4 alkyl group that may be substituted with a halogen atom, a cyano group, a halogen atom, a nitro 
group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 
a hetroaryl group, which may be substituted with a C, to C 4 alkyl group that may be substituted with a halogen 
atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano group, a halogen atom, a 
nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 
that may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 
an aralkyl group, which has an aryl moiety that may be substituted with a C 1 to C 4 alkyl group that may be 
substituted with a halogen atom, a C, to C 3 alkoxy group that may be substituted with a halogen atom, a cyano 
group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom 
or a Ci to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

a hetroaralkyl group, which has a hetroaryl moiety that may be substituted with a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, a 
cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen 
atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is 
formed by a C 2 to C 8 alkylene group; 
a (C, to C 3 alkoxy) carbonyl group; 
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a carbamoyl group; 

an N-(C) to C 4 alkyl)carbamoyl group; and 

an N,N-di(C| to C 4 alkyl)carbamoyl group (where the C, to C 4 alkyl groups may be the same or different)). 

5 [0055] In the present invention, all of R 1 , Ft 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula (I) are 
preferably C, to C 5 alkoxy groups that may be branched or form a cyclic group, and that may be substituted with a 
halogen atom. In consideration of the availability of the below-mentioned starting material, it is preferable that all of R 1 , 
R 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula (I) are a methoxy group, an ethoxy group, or a 
benzyloxy group. 

io [0056] Alternatively, in the present invention, it is also preferable that R 4 and R 4 ' of the compound represented by the 
formula (I) are each independently selected from the group consisting of: 

a hydrogen atom, and 

an aryl group, wherein the aryl group may be substituted with at least one group selected from the group (Q). In 
15 particular, it is preferable that R 4 and R 4 ' of the compound represented by the formula (I) are a 3,4,5-trifluorophenyl 

group or a 3,5-bis(trifluoromethyl)phenyl group. This is because if the compound represented by the formula (I) 
having such a substituent group is used as a phase-transfer catalyst for producing an optically active a-amino acid 
and derivatives thereof, and in particular a,a-dialkyl-a-amino acids or derivates thereof, then the amino acid or 
derivatives thereof can be produced with excellent yield and optical purity. 

20 

[0057] Alternatively, in the present invention, R 7 and R 8 of the compound represented by the formula (I) are preferably 
each independently a C 1 to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted 
with a halogen atom. In this specification, R 7 and R a are preferably, each independently, a to C 12 alkyl group that 
may be branched or form a cyclic group and that may be substituted with a halogen atom, or a C 13 to C 30 alkyl group 

25 that may be branched or form a cyclic group and that may be substituted with a halogen atom (more preferably, a C 13 
to C 22 alkyl group that may be branched orform a cyclic group and that may be substituted with a halogen atom). In this 
specification, R 7 and R 8 are preferably, each independently, an alkyl group that may be branched orform a cyclic group 
and that may be substituted with a halogen atom, and more preferably the number of carbons in the alkyl group can be 
selected from a range in which the lower limit is at least 1 , at least 3, at least 1 3, at least 1 5, at least 1 7, or at least 1 8, 

so and the upper limit is not more than 30, not more than 22, not more than 21, not more than 20, not more than 12, not 
more than 8, or not more than 4. In particular, in the formula (I), it is preferable that R 7 and R 8 of the compound are both 
n-butyl groups. This is because if the compound represented by the formula (I) having such a substituent group is used 
as a phase-transfer catalyst for producing an optically active a-amino acid and derivatives thereof, and in particular a, 
a-dialkyl-a-amino acids or derivates thereof, then the amino acid or derivatives thereof can be produced with excellent 

35 yield and optical purity. 

[0058] Alternatively, in the present invention, it is preferable that R 1 and R 1 ' of the compound represented by the 
formula (I) are the same. 

[0059] Alternatively, in the present invention, it is preferable that R 2 and R 2 ' of the compound represented by the 
formula (I) are the same. 

40 [0060] Alternatively, in the present invention, it is preferable that R 3 and R 3 ' of the compound represented by the 
formula (I) are the same. 

[0061] Alternatively, in the present invention, it is preferable that R 4 and R 4 ' of the compound represented by the 
formula (I) are the same. 

[0062] Alternatively, in the present invention, it is preferable that R 7 and R 8 of the compound represented by the 
45 formula (I) are the same. 

<Method of Producing the Quaternary Ammonium Salt> 



[0063] The quaternary ammonium salt represented by the formula (I) can be produced by reacting a compound 
so represented by the following formula (II): 




(II) 



with a secondary amine represented by the following formula (III): 

HN 



(III) 



in an organic solvent in the presence of an acid-scavenging agent. 

[0064] Here, in the formula (II), 

R 1 , Ft 1 ', R 2 , and R 2 ' are each independently: 

a hydrogen atom ; 
a halogen atom; 

a Ci to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be branched 
or form acyclic group; or 

a C-, to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 3 and R 3 ' are each independently: 

a halogen atom; 

a Ci to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be branched 
or form acyclic group; or 

a C, to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 



R 4 and R 4 ' are groups independently selected from the group consisting of: 



(i) a hydrogen atom; 

(ii) -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group than may be 
substituted with a halogen atom); 

(iii) a cyano group; 

(iv) a nitro group; 

(v) a carbamoyl group; 

(vi) an N-(C! to C 4 alkyl)carbamoyl group; 

(vii) an N,N-di(C 1 to C 4 alkyl)carbamoyl group; 

(viii) -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom); 

(ix) a halogen atom; 

(x) a C, to C 6 alkyl group that may be branched or form acyclic group and that may be substituted with a halogen atom; 

(xi) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
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atom; 

(xii) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(xiii) an aralkyl group, wherein the aryl moiety of the aralkyi group may be substituted with at least one group selected 
5 from the group (Q); 

(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at 
least one group selected from the group (Q); 

(xv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group (Q) 
or may be substituted with -0-(CH 2 )p-0- (where p is 1 or 2) at positions 3 and 4 that are taken together; and 

io (xvi) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from the 

group (Q); and 

(xvii) -S(0) n -R (where n is 0, 1 , or 2, and R is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom); and 

15 Z is a halogen atom. 

[0065] On the other hand, in the formula (III), 

R 7 and R 8 are groups independently selected from the group consisting of: 

(i)aC 1 to C 30 alkyl group that may be branched orform acyclic group and that may be substituted with a halogen atom; 
20 (ii) a C 2 to C 12 alkenyl group that may be branched or form a cyclic group and that may be substituted with a halogen 

atom; 

(iii) a C 2 to C 12 alkynyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(iv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group (Q); 
25 (v) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from the 

group (Q); 

(vi) -(CH 2 ) n OCONR 10 R 11 (where R 10 and R 11 are groups independently selected from the group consisting of: 
(1) a hydrogen atom; 

30 (2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) a C 2 to C 6 alkenyl group that may be branched orform a cyclic group and that may be substituted with a 
halogen atom; 

(4) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

35 (5) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 

selected from the group (Q); 

(6) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at 
least one group selected from the group (Q); 

(7) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
40 (Q); and 

(8) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); 

(vii) -(CH 2 ) n CONR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

45 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

so (4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 

the group (Q), and n is an integer from 1 to 12); 

(viii) -(CH 2 ) n NR 12 COR 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

55 (1) a hydrogen atom; 

(2) a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 
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(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); 

(ix) -(CH 2 ) n NR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

5 

(1) a hydrogen atom; 

(2) a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

10 (4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 

the group (Q), and n is an integer from 1 to 12); 

(x) -(CH 2 ) n Y-OR 12 (where Y is a C 1 to C 4 divalent saturated hydrocarbon group that may be branched and that may 
be substituted with a halogen atom, and R 12 is a group selected from the group consisting of: 

15 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

20 (4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 

the group (Q), and n is an integer from 1 to 12); 

(xi) -(CH 2 ) n -0-R 12 (where R 12 is a group selected from the group consisting of: 

25 (1) a hydrogen atom; 

(2) a C-i to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
so the group (Q), and n is an integer from 1 to 12); 

(xii) -(CH 2 ) n -S-R 12 (where R 12 is a group selected from the group consisting of: 
(1) a hydrogen atom; 

35 (2) a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
(Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); 

40 

(xiii) -(CH 2 ) n -SO-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

45 (3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 

(Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); and 

so (xiv) -(CH 2 ) n -S0 2 -R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
55 (Q); and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group (Q), and n is an integer from 1 to 12); or 
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R 7 and R 8 are taken together to form a (divalent organic) group selected from the group consisting of: 
-(CH 2 )m- (where m is an integer from 2 to 8); 

,0.0.°. 




(wherein R2°, FP\ R22, R2 3 , R24, R25, R 26 > R 27 > R 28 ) r29 > r41 > and R 42 are groups independently selected from the 
group consisting of: 

a hydrogen atom; 

a Cf to C 8 alkyl group that may be branched orform acyclic group, and/or that may be substituted with a halogen atom; 
aC 2 to C s alkenyl group that may be branched orform a cyclic group, and/or that may be substituted with a halogen 
atom; 

a C 2 to C 8 alkynyl group that may be branched orform a cyclic group, and/or that may be substituted with a halogen 
atom; 

an aryl group, which may be substituted with a to C 4 alkyl group that may be substituted with a halogen atom, a 
Ci to C 3 alkoxy group that may be substituted with a halogen atom, an aryl group that may be substituted with a C, 
to C 4 alkyl group that may be substituted with a halogen atom, a cyano group, a halogen atom, a nitro group, 
-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be 
substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 
a hetroaryl group, which may be substituted with a C-, to C 4 alkyl group that may be substituted with a halogen atom, 
a Ci to C 3 alkoxy group that may be substituted with a halogen atom, a cyano group, a halogen atom, a nitro group, 
-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be 
substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 
anaralkyl group, which has an aryl moiety that may be substituted with a to C 4 alkyl group that may be substituted 
with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano group, a halogen 
atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl 
group that may be substituted with a halogen atom), or a cyclic amino group that isformed by a C 2 to C 8 alkylene group; 
a hetroaralkyl group, which has a hetroaryl moiety that may be substituted with a to C 4 alkyl group that may be 
substituted with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano 
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group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 

C, to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 

to C 8 alkylene group; 

a (C, to C 3 alkoxy)carbonyl group; 

a carbamoyl group; 

an N-fC, to C 4 alkyl)carbamoyl group; and 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group (where the C-, to C 4 alkyl groups may be the same or different)). 

[0066] In the present invention, all of R 1 , R r , R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula (II) are 
preferably C 1 to C 5 alkoxy groups that may be branched or form a cyclic group and that may be substituted with a halogen 
atom. In consideration of the availability and ease of preparation, it is preferable that all of R 1 , R 1 ', R 2 , R 2 ', R 3 , and R 3 ' 
of the compound represented by the formula (II) are a methoxy group, a ethoxy group, or a benzyloxy group. 
[0067] Alternatively, in the present invention, it is also preferable that R 4 and R 4 ' of the compound represented by the 
formula (II) are each independently selected from the group consisting of: 

a hydrogen atom, and 

an aryl group, wherein the aryl group may be substituted with at least one group selected from the group (Q). In 
particular, it is preferable that R 4 and R 4 ' of the compound represented by the formula (II) are a3,4,5-trifluorophenyl 
group or a 3,5-bis(trifluoromethyl)phenyl group. 

[0068] Alternatively, in the present invention, R 7 and R 8 of the compound represented by the formula (II) are preferably 
each independently a C 1 to C 12 alkyl group that may be branched or form a cyclic group and that may be substituted 
with a halogen atom. In particular, it is preferable that R 7 and R 8 of the compound represented by the formula (II) are 
both n-butyl groups. 

[0069] Alternatively, in the present invention, it is preferable that R 1 and R 1 ' of the compound represented by the 
formula (II) are the same. 

[0070] Alternatively, in the present invention, it is preferable that R 2 and R 2 ' of the compound represented by the 
formula (II) are the same. 

[0071] Alternatively, in the present invention, it is preferable that R 3 and R 3 ' of the compound represented by the 
formula (II) are the same. 

[0072] Alternatively, in the present invention, it is preferable that R 4 and R 4 ' of the compound represented by the 
formula (II) are the same. 

[0073] Alternatively, in the present invention, it is preferable that R 7 and R 8 of the compound represented by the 
formula (II) are the same. 

[0074] The compound of the formula (II) that is used in the present invention can be synthesized using, for example, 

a first method, a second method, or a third method described below. 

[0075] As a first method, the compound represented by the formula (VII) below: 




(VII) (VIII) 

(where R 1 , R 2 , and R 3 are each independently the same group as defined above) is first dissolved in an organic solvent 
(such as acetonitrile or chloroform), and then N-bromosuccinimide (NBS) or bromine, for example, is added to this 
solution and heated under reflux. Thus, the compound of the formula (VIII) that has been bromated at position 2 can 
be obtained. It should be noted that a specific example of the compound of the formula (VII) is 3,4,5-trimethoxy benzoic 
acid. This is commercially available from Aldrich, for example. 

[0076] The compound of the formula (VIII) obtained above is next converted to an acid chloride by reacting it with (i) 
SOCI 2 , for example, and then reacted with (ii) (S)- or (R)-1 ,1'-bi-2-naphthol in a solvent such asTHFto give the compound 
of the formula (IX). It should be noted that in this reaction, by using either (S)-1 ,1 '-bi-2-naphthol or (R)-1 ,1 '-bi-2-naphthol, 
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it is possible to easily establish the absolute configuration (S-form or R-form) of the compound of the formula (II) according 
to the procedures discussed later. 




[0077] While an example was described above in which one compound represented by the formula (VIII) was used, 
but it should be noted that the present invention is not limited thereto. By using a compound of the formula (VIII) and a 
different compound also represented by the formula (VIII) (that is, a compound that is represented by the formula (VIII) 
and that has R 1 ' (* R 1 ) instead of R 1 , R 2 ' (* R 2 ) instead of R 2 , and/or R 3 ' (# R3) instead of R 3 ), the compound represented 
by the following formula (IX)': 




(IX)' 



(where R 1 , R r , R 2 , R 2 ', R 3 , and R 3 ' are each independently the same as the groups defined above) also can be produced 
easily. 

[0078] Then, the compound of the formula (IX) obtained above is heated under reflux in the presence of an activated 
copper powder suspended in an organic solvent (such as DMF), so that it can be converted to the compound represented 
by the formula (X), an intermolecularly coupled product. The compound represented by the formula (X) is added to a 
THF suspension containing lithium aluminum hydride, and the mixture was stirred for a given time to obtain the biphe- 
nyldimethanol compound represented by the formula (XI) beiow. 
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[0079] By reacting the biphenyldimethanol compound represented by the formula (XI) with a halogenating agent, such 
as phosphorus tribromide (PBr 3 ), it is possible to obtain the compound represented by the formula (XII) (that is, a 
compound within the scope of the formula (II), in which both R 4 and R 4 ' are hydrogen atoms). 




(where Z is a halogen atom) 

[0080] In the present invention, if it is desirable to obtain a compound represented by the formula (II) in which both 
R 4 and R 4 ' are hydrogen atoms, then the compound of the formula (XII) can be used as is. On the other hand, if it is 
desirable to obtain a compound represented by the formula (II) in which R 4 and R 4 ' are groups other than a hydrogen 
atom, then it is possible to produce such a compound of the formula (II) according to the Reaction Scheme 1 shown 
below. It should be noted that for the sake of simplicity, a case in which R 4 and R 4 ' are the same is described. 




<Reaction Scheme 1> 



[0081] Referring to the above Reaction Scheme 1, the obtained compound represented by the formula (XII) is dehal- 
ogenated by means used ordinarily in the art to give the compound of the formula (XIII). Then, the compound represented 
by the formula (XIII) is dissolved in an organic solvent, such as pyridine, and then bromine is added thereto to access 
to the compound represented by the formula (XIV) that is brominated at positions 3 and 3'. 

[0082] The compound of the formula (XIV) is then subjected to the Suzuki-Miyaura coupling reaction with at least one 
type of boronic acid derivative represented by R 4 -B(OH) 2 or R 4 '-B(OH) 2 (where R 4 and R 4 ' are each independently the 
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same group as defined above) in an organic solvent, such as THF, and in the presence of a palladium catalyst. A specific 
example of the boronic acid derivative is 3,4,5-trifluorophenylboronic acid. Thus, the compound of the formula (XV), in 
which the bromine atoms at positions 3 and 3' are substituted with an R 4 group or an R 4 ' group, is produced. 
[0083] The compound of the formula (XV) thus obtained is finally halogenated by means used ordinarily in the art, so 
that it is possible to produce the compound represented by the formula (II), in which R 4 (and/or R 4 ') is a group other 
than a hydrogen atom. 

[0084] Next, a second method for synthesizing the compound of the formula (II) used in the present invention is 



[0085] The second method uses commercially available ellagic acid as a starting material. It is also possible to obtain 
an optically active form of the dicarboxylic acid compound represented by the following formula (XVI): 




C0 2 H 



(XVI) 



(where R 1 , R 2 and R 3 are the same groups as defined above) 

by the method of O. T. Schmidt et al. (O. T. Schmidt, K. Demmler, Justus Liebigs (1952). Ann. Chem. 576:85) using 
the starting material. Alternatively, it is also possible to obtain the compound represented by the formula (XVI) by 
treating the compound represented by the formula (X) with a basic aqueous solution. According to these procedures, 
it is possible to produce selectively either S or R form of the compound represented by the formula (XVI). The compound 
of the formula (II) is then produced according to the Reaction Scheme 2 as shown below. It should be noted that for 
the sake of simplicity, a case in which R 4 and R 4 ' are the same is described. 




< Reaction Scheme 2> 



[0086] Reffering to the above Reaction Scheme 2, the dicarboxylic acid moiety of the obtained compound of the 
formula (XVI) is converted to dimethanol (the compound represented by the formula (XVII)) using BH 3 -Me 2 S in an organic 
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solvent such as THF. Next, the compound of the formula (XVII) is reacted with bromine in an organic solvent, such as 
pyridine, to produce the compound of the formula (XVIII) that is brominated at positions 3 and 3'. 
[0087] The compound of the formula (XVIII) is then subjected to the Suzuki-Miyaura coupling reaction with at least 
one type of boronic acid derivative represented by R 4 -B(OH) 2 or R 4 '-B(OH) 2 (where R 4 and R 4 ' are each independently 
the same group as defined above) in an organic solvent, such as THF, and in the presence of a palladium catalyst. A 
specific example of this boronic acid derivative is 3,4,5-trifluorophenylboronic acid. Thus, the compound of the formula 
(XIX) in which the bromine atoms at positions 3 and 3' are substituted with the R 4 group or the R 4 ' group is produced. 
[0088] The compound of the formula (XIX) thus obtained is finally reacted with a halogenating agent such as phosphorus 
tribromide (PBr 3 ), so that it is possible to convert this compound to the compound represented by the formula (II), in 
which R 4 (and/or R 4 ') is a group other than a hydrogen atom. 

[0089] Next, a third method for synthesizing the compound of the formula (II) used in the present invention is described. 
[0090] The third method, like the second method, uses the optically active form of the dicarboxylic acid compound 
represented by the following formula: 




(XVI) 

(where R 1 , R 2 and R 3 are the same groups as defined above) as a starting material. The compound of the formula (II) 
is produced according to the Reaction Scheme 3 as shown below. It should be noted that for the sake of simplicity, a 
case in which R 4 and R 4 ' are the same is described. 



R 1 R 1 R 1 




< Reaction Scheme 3> 
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[0091] Reffering to the above Reaction Scheme 3, the dicarboxylic acid moiety of the compound of the formula (XVI) 
thus obtained is converted to an ester (the compound represented by the formula (XXX)) by the reaction with an alkyl 
halide in an organic solvent, such as acetone, and in the presence of an inorganic base. It is also possible to convert 
the dicarboxylic acid moiety of the obtained compound of the formula (XVI) to an acid chloride by treating with thionyl 
5 chloride, which is then converted to an ester (the compound represented by the formula (XXX)) by treating with alcohol 
in the presence of an organic base, such as pyridine. 

[0092] Next, the compound of the formula (XXX) is reacted with bromine in an organic solvent, such as acetonitrile, 
to produce the compound of the formula (XXXI) that is brominated at positions 3 and 3'. 

[0093] The compound of the formula (XXXI) is then subjected to the Suzuki-Miyaura coupling reaction with at least 
io one type of boronic acid derivative represented by R 4 -B(OH) 2 or-R 4 '-B(OH) 2 (where R 4 and R 4 'are each independently 
the same groups as defined above) in an organic solvent such as DME and in the presence of a palladium catalyst. A 
specific example of this boronic acid derivative is 3,4,5-trifluorophenylboronic acid. Thus, the compound of the formula 
(XXXII), in which the bromine atoms at positions 3 and 3' have been substituted with an R 4 group or an R 4 ' group, is 
produced. 

15 [0094] The ester moieties of the compound of the formula (XXXII) thus obtained are converted to dimethanols (the 
compound represented by the formula (XIX)) by reduction with lithium aluminum hydride (LAH) in an organic solvent, 
such as cyclopentyl methyl ether (CPME). 

[0095] The compound of the formula (XIX) thus obtained is finally reacted with a halogenating agent, such as phos- 
phorus tribromide (PBr 3 ), so that it is possible to obtain the compound represented by the formula (II), in which R 4 (and/or 
20 R 4 ') is a group other than a hydrogen atom. 

[0096] Thus, the compound of the formula (II) used in the present invention can be efficiently produced using the first 
method, the second method, or the third method. 

[0097] On the other hand, in the method for producing the compounds represented by the formula (I) of the present 
invention, a large number of the secondary amines of the formula (III) are commercially available and can be obtained 

25 easily, which allows facile selection of the appropriate ones. 

[0098] Examples of the organic solvents used in the reaction process for producing the compound of the formula (I) 
of the present invention include nitrile solvents (e.g., acetonitrile, propionitrile), ether solvents (e.g., dioxane, tetrahydro- 
furan, isopropyl ether, diethyl ether, dimethoxyethane, 2-methoxyethyl ether), alcohol solvents (methanol, ethanol, n- 
propanol, isopropanol, n-butanol, tert-butanol), ester solvents (ethyl acetate, isopropyl acetate), and amide solvents (N, 

30 N-dimethylformamide, N,N-dimethylacetamide). In the present invention, acetonitrile is particularly preferable. Examples 
of acid-scavenging agents include inorganic bases, such as potassium carbonate, sodium carbonate, potassium hydro- 
gencarbonate, and sodium hydrogencarbonate. 

[0099] In the reaction, the secondary amine of the formula (III) is used preferably in 0.5 to 10 equivalents, and more 
preferably in 0.8 to 3 equivalents, with respectto the compound of the formula (II). The acid-scavenging agent is preferably 

35 used in 0.5 to 10 equivalents, and more preferably in 0.8 to 5 equivalents, with respectto the compound of the formula 
(II). The reaction between the compound of the formula (II) and the secondary amine of the formula (III) is carried out 
in an appropriate organic solvent in the presence of the acid-scavenging agent with stirring. The reaction temperature 
is preferably from room temperature to the boiling point of the organic solvent used, and more preferably the reaction 
is performed while heating under reflux. The reaction time is preferably 15 minutes to 24 hours, and more preferably 30 

40 minutes to 12 hours. In this case, the organic solvent is preferably used 5 to 50 times, and more preferably 5 to 30 times 
the amount of the compound of the formula (II) at a volume (mL)/weight (g) ratio with respect to the compound of the 
formula (II). After the reaction is complete, the reaction mixture is extracted with dichloromethane, dichloroethane, 
chloroform, or ethyl acetate, and isolation and purification by silica gel column chromatography afforded the compound 
of the formula (I) can be obtained. Alternatively, the spent reaction mixture may be recycled as it is as a phase-transfer 

45 catalyst in the method for producing an a-amino acid derivative, which will be described in detail later. 

[0100] The compound of the formula (I) thus obtained in which X- is a halide anion is in a pure form with respect to 
axial asymmetry, and can be used as a phase-transfer catalyst. Here, "pure with respect to axial asymmetry" means 
that of the stereoisomers based on the axial asymmetry, one specific isomer is more abundant than the other. Preferably, 
the abundance ratio of the one specific isomer is 90% or more, more preferably 95% or more, and even more preferably 

so 98% or more. 

[0101] Furthermore, the compound of the formula (I) in which X' is a halide anion can beconverted to a compound in 
which the halide anion is replaced by SCN", HS0 4 -, HF 2 ~, CF 3 S0 3 -, CH 3 -Ph-S0 3 -, or CH 3 S0 3 -, for example, according 
to the following processes. 

[0102] First, a method for producing the compound of the formula (I) in which X" is SCN" or HS0 4 " will be described. 
55 [0103] The compound of the formula (I) obtained above in which X" is a halide anion is dissolved in, for example, a 
suitable second organic solvent according to the method described in Japanese Laid-Open Patent Publication No. 
2002-173492 and the solution is mixed with a saturated aqueous solution of an alkali metal salt of thiocyanic acid so 
that the halide anion of X" is converted to SCN". 
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[01 04] Examples of the second organic solventthat can be used in this conversion include dichloromethane, chloroform, 
dichloroethane, tetrahydrofuran, methyl t-butyl ether, diisopropyl ether, and ethyl acetate. Examples of alkali metal salts 
of thiocyanic acid include potassium thiocyanate and sodium thiocyanate. 

[0105] For example, by allowing the compound of the formula (I) in which X" is a halide anion to come into contact 
with an alkali metal salt of thiocyanic acid in a solution under relatively mild conditions such as at room temperature 
through mixing, the reaction can proceed easily, and the reaction product (that is, the compound of the formula (I) in 
which X" is SCN-) can be obtained in a quantitative yield. 

[0106] Furthermore, by reacting the compound of the formula (I) in which X - is SCN with a concentrated sulfuric acid 
solution, X* can be easily converted from SCN" to HS0 4 \ 

[0107] The compound of the formula (I) thus obtained, in which X- is HS0 4 , can then be further reacted with an alkali 
metal fluoride (e.g., potassium fluoride, sodium fluoride or lithium fluoride) to obtain a compound represented by formula 
(la): 



R 1 




(where R 1 , R 1 ', R 2 , R 2 ', R 3 , R 3 ', R 4 , R 4 ', R 7 , and R 8 are each independently the same as defined in the formula (I)), 
which can be used as a catalyst, for example, in a reaction of a silyl enol ether with a carbonyl compound (aldol reaction). 
[0108] An example of the silyl enol ethers used in the aldol reaction is a trialky Isily I enol ether. Trialky Isily I enol ethers 
can be prepared in advance by reacting a chlorosilane, such as trimethylsilyl chloride and triethylsilyl chloride, with 
carbonyl compounds (such as ketonic carbonyl derivatives such as 2-butanone, 4-penten-2-one, diethyl ketone, ace- 
tophenone, propiophenone, butyronaphtone, cyclohexanone, 1-oxoindan, 1-tetralone or2-tetralone) in the presence of 
a base. 

[0109] In addition to the above-mentioned carbonyl compounds (the above-described ketonic carbonyl derivatives), 
which serve as precursors of the silyl enol ethers, examples of the carbonyl compounds that can be used to prepare 
silyl enol ethers for the aldol reaction include aldehyde compounds such as acetylaldehyde, propionaldehyde, butylal- 
dehyde, isobutylaldehyde, isovaleraldehyde, capronaldehyde, dodecylaldehyde, palmitinaldehyde, stearinaldehyde, ac- 
rolein, crotonaldehyde, cyclohexanecarbaldehyde, benzaldehyde, anisaldehyde, nicotinaldehyde, cinnamaldehyde, a- 
naphthaldehyde, and p-naphthaldehyde. 

[0110] With resepect to such a silyl enol ether and such a carbonyl compound, the compound represented by formula 
(la) is used as a catalyst in the aldol reaction to control the stereoselectivity of the reaction. 

[0111] Next, a method for producing the compound of the formula (I) in which X- is HF 2 ", CF 3 S0 3 -, CH 3 -Ph-S0 3 -, or 
CH 3 S0 3 - will be described. 

[01 12] The compound of the formula (I) obtained in the above-described manner in which X is a halide anion is brought 
in contact with an ion-exchange resin to produce a first intermediate. 

[01 1 3] The ion-exchange resin can be freely selected by those skilled in the art. Specific examples of the ion-exchange 
resin that can be used include Amberlyst A26 (OH) (manufactured by ORGANO CORPORATION). 
[0114] The compound of the formula (I) in which X- is a halide anion and the ion-exchange resin can be brought in 
contact by dissolving the compound of the formula (I) in which X" is a halide anion in a suitable third solvent and passing 
this solution through a column filled with the ion-exchange resin. An alcohol solvent is preferable as the third solvent 
that can be used for such a contact. Specific examples of alcohol solvents include methyl alcohol, ethyl alcohol, isopropyl 
alcohol, and normal propyl alcohol, although not limited thereto. 

[0115] There are no particular limitations regarding the amount of the compound of the formula (I) in which X" is a 
halide anion and the amount of the third solvent used for such contact, and they can be appropriately set by those skilled 
in the art. 
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[0116] Thus, the first intermediate is produced. 

[01 17] Next, the first intermediate thus obtained is treated with an acid solution (such as a hydrogen fluoride aqueous 
solution, a methanesulfonic acid solution, a toluenesulfonic acid solution, or a trifluoromethanesulfonic acid solution) 
preferably without removing the solvent. 

[0118] There are no particular limitations regarding the amount of the acid solution used in the present invention. In 
view of increasing the productivity, it is preferable that the amount is chosen so that an equal or greater amount of 
hydrogen fluoride or sulfonic acid is reacted with the compound of the formula (I) used above in which X" is a halide 
anion. Thus, a compound represented by any of the formulae (lb) through (le): 




in which the quaternary ammonium moiety is liberated from the first intermediate, and X- is further converted from a 
halide anion to HF 2 ~, CF 3 S0 3 -, CH 3 -Ph-S0 3 -, or CH 3 S0 3 - can be precipitated from the solution. 
[01 19] The compounds of these formulae (lb) through (le) can be easily isolated by removing the solvent using means 
employed ordinarily by those skilled in the art. 

[0120] The obtained compounds of the formulae (lb) through (le), and particularly the compound of the formula (lb), 
can also be utilized as a catalyst for producing a nitroalcohol diastereo- and enantioselectively. 

<Method for Producing a-Amino Acid Derivatives> 

[0121] Next, a method for producing a-amino acid derivatives using the quaternary ammonium compound of the 
present invention represented by the formula (I) as a phase-transfer catalyst will be described. 
[0122] An a-amino acid derivative represented by the formula (VI): 
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(where R 14 and R 15 are each independently 

(i) a hydrogen atom; or 

(ii) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group consisting 
of: 

a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom ; 
an aryl group, which may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each independ- 
ently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a nitro group, a 
carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 alkyl)carbamoyl group, or -NHCOR 9 
(where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom); 
a cyano group; 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may be 

substituted with a halogen atom); 

a nitro group; 

a carbamoyl group; 

an N-{Cf to C 4 alkyl)carbamoyl group ; 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group ; 

-NHCOR 9 (where R 9 isaC 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom); and 

a halogen atom; with the proviso that the case where both R 14 and R 15 are hydrogen atoms is excluded, 
R 16 is a group selected from the group consisting of: 

(i) a hydrogen atom; 

(ii) a to C 10 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom, wherein the alkyl group may be substituted with at least one group selected from the group consisting of: 

a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be 

substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C-i to C 4 alkyl)carbamoyl group, 

an N,N-di(C, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom), 

a halogen atom, 

-COR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom), and 

-C0 2 R 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom); 

(iii) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom; 

(iv) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
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atom; 

(v) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group selected 
from the group (Q) consisting of: 

5 a a, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom, acyano group, -NR 30 R 31 (where R 30 and R 31 are each independ- 
ently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), an amino group, 

io a nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 alkyl)carbamoyl 

group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may be 
15 substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 
20 -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

a halogen atom; 

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at least 
25 one group selected from the group (Q); 

(vii) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group (Q); and 

(viii) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from the 
group (Q); 

30 R 17 is a C 1 to C 8 alkyl group that may be branched orform acyclic group, and that may be substituted with a halogen atom; 
R 18 is a group selected from the group consisting of: 

(i) a C : to C 10 alkyl group that may be branched orform acyclic group and that may be substituted with a halogen 
atom, wherein the alkyl group may be substituted with at least one group selected from the group consisting of: 

35 

a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be 
substituted with a halogen atom), 
40 a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di (C^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen 
45 atom), 

a halogen atom, 

-COR 9 (where R 9 is a C A to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom), and 

-C0 2 R 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 
so atom); 

(ii) a C 3 to C 9 allyl group or substituted allyl group that may be branched or form a cyclic group and that may be 
substituted with a halogen atom; 

(iii) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
55 atom; 

(iv) a C 2 to C 6 alkynyl group that may be branched orform a cyclic group and that may be substituted with a halogen 
atom; 

(v) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group selected 
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from the group (Q); 

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at least 
one group selected from the group (Q); and 

(vii) a C 3 to C 9 propargyl group or substituted propargyl group that may be branched and that may be substituted 
with a halogen atom; and 

* shows a newly created asymmetric center) can be built stereoselectively through the process of alkylating a 
compound represented by the formula (IV): 



R 15 



R 16 

M-C-CO-O-R 17 
H (IV) 



(where R 14 , R 15 , R 16 and R 17 are the same as those defined in the formula (VI)); with a compound of the formula 
(V): 



(where R 18 is the same as defined in the formula (VI), and W is a functional group having a leaving ability) 
using the compound represented by the formula (I) as a phase-transfer catalyst in a medium in the presence 
of an inorganic base. 



[0123] Examples of the medium used in the alkylation process include benzene, toluene, xylene, diethyl ether, diiso- 
propyl ether, tetrahydrofuran, dioxane, mesitylene, ethyl acetate, isopropyl acetate, cyclopentyl methyl ether, and methyl 
so t-butyl ether. Alternatively, the medium may also be a biphasic one containing water and a medium immiscible with 
water. The medium can be used in amounts at a ratio of volume (mLVweight (g) of the compound of the formula (IV), 
and the ratio is preferably 0.5 to 30, and more preferably 1 to 25. 

[0124] Examples of the inorganic base used in the alkylation process include lithium hydroxide, sodium hydroxide, 
potassium hydroxide, calcium hydroxide, rubidium hydroxide, and cesium hydroxide. The inorganic base can be used 
35 preferably in 0.5 to 1 00 equivalents, and more preferably in 0.8 to 40 equivalents, with respect to the compound of the 
formula (IV). 

[0125] In the alkylation process, an inorganic base may be used in the form of an aqueous inorganic-base solution. 
In a case where an inorganic base is used in the form of an aqueous inorganic-base solution, the upper limit of the 
inorganic base that can be contained in the aqueous inorganic-base solution is preferably 280 equivalents or less, more 

40 preferably 150 equivalents or less, and even more preferably 56 equivalents or less, with respect to the compound of 
the formula (IV). The lower limit of the inorganic base that can be contained in the aqueous inorganic-base solution is 
preferably 0.5 equivalents or more, more preferably 0.8 equivalents or more, and even more preferably 0.9 equivalents 
or more, with respect to the compound of the formula (IV). The aqueous inorganic-base solution maybe used preferably 
in 5 w/w% to 70 w/w%, and more preferably in 1 0 w/w% to 60 w/w%. 

45 [0126] The volume ratio between the medium and the aqueous inorganic-base solution is preferably a medium volume 
(mLVinorganic base aqueous medium (mL) ratio of 7/1 to 1/5, more preferably 5/1 to 1/3, and even more preferably 4/1 
to 1/1. 

[0127] In the alkylation process, the compound of the formula (V) is used preferably in 0.5 to 10 equivalents, more 
preferably in 0.7 to 6 equivalents, and even more preferably in 0.9 to 5 equivalents, with respect to the compound of the 

so formula (IV). The compound of the formula (I) is used as a phase-transfer catalyst preferably in amounts at a lower limit 
not less than 0.0001 mol% and more preferably not less than 0.0005 mol%, and at an upper limit of preferably not more 
than 1 0 mol%, more preferably not more than 2 mol%, even more preferably not more than 1 mol %, and yet even more 
preferably not more than 0.5 mol%, relative to 1 mol of the compound of the formula (IV). Thus, the phase-transfer 
catalyst used in the present invention has extremely high activity, and therefore by using the catalyst only in a small 

55 amount relative to 1 mol of the compound of the formula (IV), desired optically active a-amino acids and derivatives 
thereof can be obtained. 

[0128] In the present invention, in addition to the asymmetrical phase-transfer catalyst represented by the formula (I), 
an achiral quaternary ammonium salt, such as tetrabutyl ammonium bromide (TBAB), can be also used simultaneously. 
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For example, TBAB functions as a cocatalyst in the reaction system of the present invention to improve the yield of a- 
amino acids and derivatives thereof, and also allows the amount of the asymmetrical phase-transfer catalyst represented 
by the formula (I) that is used in the present invention to be further reduced. The amount of TBAB that can be used in 
the present invention is preferably 0.005 mol% to 1 mol%, and more preferably 0.01 mol% to 0.8 mol% relative to 1 mol 

5 of the compound of the formula (IV). 

[0129] The alkylation process is performed at suitable temperatures between -70°C and room temperature, preferably 
between -20°C and 20°C, in air, under a nitrogen atmosphere, or under an argon atmosphere. This process can be 
performed with stirring for a suitable period until the alkylation reaction has sufficiently proceeded. The reaction time is 
preferably 30 min to 48 hours, and more preferably 1 hour to 24 hours. 

io [0130] When the aqueous inorganic-base solution is used in the alkylation process, it is, for example, possible to split 
the process into multiple operations, as described below. 

[01 31 ] In other words, at first, the compound of the formula (IV), the phase-transfer catalyst of the formula (I), and the 
compound of the formula (V) are each added to the medium to prepare a mixture. At this time, it is preferable to sufficiently 
stir the mixture with cooling using, for example, on ice or ice-salt. To the cooled mixture is then added the aqueous 
15 inorganic-base solution to alkylate the compound of the formula (IV). The temperatures set to cool the mixture are 
preferably between -20°C and 20°C, more preferably between -15°C and 15°C, and even more preferably between 
-10°C and 10°C. 

[0132] According to the method of the present invention using the compound of the formula (I) of the present invention 
as described above, the optically active compound of the formula (VI) can be obtained in a high yield and high optical 
20 purity. Here, high optical purity refers to preferably at least 80% ee, more preferably at least 85% ee, yet more preferably 
at least 90% ee, and even more preferably at least 95% ee. 

<Method for Producing a-Amino Acid> 

25 [0133] In another aspect of the present invention, a method for producing optically active a-amino acids is provided. 
[0134] In the present invention, an optically active a-amino acid can be produced by performing, for example, either 
one of the following procedures, using the optically active compounds of the formula (VI) (optically active a-amino acid 
derivatives) that are obtained by the method described above. 

[0135] In the first method, first, the imino group (R 14 R 15 C=N-) moiety of the optically active compound of the formula 
30 (VI) (optically active tt-amino acid derivative) that is obtained by the above-described method is first hydrolyzed under 
acidic conditions (imine acidic-hydrolysis process). Examples of the acid used in the imine acidic-hydrolysis process 
include inorganic acids (such as hydrochloric acid or phosphoric acid) and organic acids including tribasic acids (such 
as acetic acid, citric acid, or p-toluenesulfonic acid). More specifically, the imine acidic-hydrolysis process proceeds by 
treating the compound of the formula (VI) in a suitable medium (e.g., tetrahydrofuran ortoluene) at a suitable temperature 
35 (e.g., room temperature) using an aqueous solution of the acid. As a result, an ester derivative of amino acid in which 
the terminal amino group is liberated can be obtained as an imine acidic-hydrolysis product. 

[0136] Next, if necessary, the ester derivative of amino acid (acidic-hydrolysis product) obtained above is subjected 
to hydrolysis reaction more acidic than the imine acidic-hydrolysis orthat under basic conditions. Thus, a desired amino 
acid in which the terminal of the acid-hydrolysis product (i.e., the ester group (-C0 2 R 17 ) in the imine acidic-hydrolysis 

40 product) has become a carboxylic acid can be obtained. 

[0137] Alternatively, in the second method, a process of the opposite order relative to that of the method described 
above is adopted. That is to say, the ester group (-C0 2 R 1 7 ) in the optically active compound of the formula (VI) (optically 
active a-amino acid derivative) obtained by the alkylation reaction described above is first hydrolyzed under basic 
conditions (ester basic-hydrolysis process). An aqueous alkali solution, such as aqueous sodium hydroxide solution, 

45 can be used in this ester basic-hydrolysis. By such hydrolysis, an ester basic-hydrolysis product in which the terminal 
of the compound of the formula (VI) (that is, the ester group (-C0 2 R 17 ) in the compound of the formula (VI)) becomes 
a carboxylic acid can be obtained. 

[01 38] Next, the imino group (R 14 R 15 C=N-) moiety of the above-obtained basic-hydrolysis product is hydrolyzed under 
acidic conditions (imine acidic-hydrolysis process). Examples of the acid used in the imine acidic-hydrolysis process 

so include inorganic acids (e.g., hydrochloric acid, phosphoric acid, sulfuric acid) and organic acids including tribasic acids 
(e.g., acetic acid, citric acid). More specifically, the imine acidic-hydrolysis process proceeds by treating the ester basic- 
hydrolysis product in a suitable medium (e.g., tetrahydrofuran ortoluene) at a suitable temperature (e.g., room temper- 
ature) using an aqueous solution of the acid described above. As a result, a desired amino acid in which the terminal 
amino group is liberated can be obtained. 

55 [0139] In the present invention, in the case where an amino acid is produced from the compound of the formula (VI), 
either by the first method or the second method may be used, either method can be selected arbitrarily by those skilled 
in the art according to the specific structure of the amino acid to be actually produced and other relevant production 
conditions. 
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[0140] Thus ,it is possible to produce a desired optically activeoc-amino acid, efficiently and optionally, without limitations 
on its structure. 

Examples 

[0141] Hereinafter, the present invention will be specifically described by way of examples, but is not limited thereto. 
[0142] In the following examples, unless described otherwise, the measurement was carried out under the following 
conditions: The 1 H N MR spectrum was recorded on a JEOL JNM-FX400 (400MHz)spectrometeranda JMTC-400/54/SS 
(400 MHz) spectrometer. The optical purity of a reaction product was measured by high-performance liquid chromatog- 
raphy (HPLC) with a Shimadzu 1 0 instrument or a Waters 2690 instrument using 4.6 mm x 25 cm Daicel Chiralcel OD, 
OD-H, AD or AD-H. The progress of the reaction was monitored using a Merck precoated TLC plate (silica gel 60 GF254, 
0.25 mm) for thin layer chromatography (TLC). 

<Reference Example 1 : Synthesis of starting material (compound 2a) for synthesizing quaternary ammonium salt> 
[0143] 



OMe OMe 

MeO^k^OMe nbs Me °Y^k^OMe 

v Br V 

COOH COOH 

(1a) (2a) 



[0144] N-Bromosuccinimide (NBS) (21.36 g, 120 mmol) was added to a solution of 3,4,5-trimethoxy benzoic acid 
(compound 1a) (21.22 g, 100 mmol) in CHCI 3 (200 mL). This solution was heated under reflux for 8 hours. Then, the 
CHCI 3 was removed under reduced pressure, and the residue was dissolved in a 1 N NaOH solution (150 mL). After 
washing with CHCI 3 (15 mL) three times, this alkaline solution was acidified with concentrated hydrochloric acid. The 
resulting precipitates were filtered off, washed with 1 N HCI, and dried to give the title compound 2a (2-bromo-3,4,5- 
trimethoxybenzoic acid) (23.3 g, 80 mmol/ yield: 80%). The NMR spectrum of the obtained compound 2a is shown in 
Table 1 . 

Table 1 

NMR spectrum of compound 2a 
400 MHz 1 H NMR (CDCI 3 ) 5 7.40 (1 H, s, Ar-H), 3.97 (3H, s, OCH 3 ), 3.91 (3H, s, OCH 3 ), 3.90 (3H, s, OCH 3 ). 



<Reference Example 2: Synthesis of starting material (compound 3a) for synthesizing quaternary ammonium salt> 
[0145] 



°Me i: S0 CI 2 

Me °Tir 0Me ii: BIN0L 



COOH 
(2a) 



Br OMe 

0 ^OMe 

t-o /=r 0Me 

°Br M OMe 
(3a) 
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[0146] Under an argon atmosphere, the compound 2a obtained in Reference Example 1 (2.33 g, 8.0mmol)andthionyl 
chloride SOCI 2 (6 mL) were placed in a two-necked flask. This reaction mixture was then heated under refluxfor 4 hours. 
Then, the excess thionyl chloride was evaporated under reduced pressure. THF (15 mL), pyridine (1.5 mL), and (S)- 
1 ,1 '-bi-2-naphthol (1 .1 4 g, 4.0 mmol) were added to the residue. After reflux for 3 hours, 1 N NaOH followed by 1 N HCI 
were added to the reaction mixture and extracted with ether. The separated organic layer was dried over Na 2 S0 4 and 
concentrated. The residue was purified by silica gel chromatography (ether/hexane = 1/1 as eluent) to give the title 
compound 3a ((S)-2,2'-bis(2-bromo-3,4,5-trimethoxybenzoyl)-1 ) 1'- binaphthalene) (3.33 g, 4.0 mmol) in a quantitative 
yield. The NMR spectrum of the obtained compound 3a is shown in Table 2. 

Table 2 

NMR spectrum of compound 3a 

400 MHz 1 H NMR (ODCI 3 ) 3 8.04 (2H, d, J= 8.8 Hz, Nap-H), 7.94 (2H, d, J= 8.4 Hz, Nap-H), 7.63 (2H, d, J= 8.8 
Hz, Nap-H), 7.48 (2H, m, Nap-H), 7.37 (4H, m, Nap-H), 6.31 (2H, s, Ar-H), 3.83 (6H, s, OCH 3 ), 3.73 (6H, s, OCH 3 ), 
3.35 (6H, s, OCH 3 ). 



<Reference Example 3: Synthesis of starting material (compound 5a) for synthesizing quaternary ammonium salt> 
[0147] 




CH 2 OH 
CH 2 OH 



50% (with respect to conpound 3a) 

[0148] A suspension of activated Cu powder (11.8 g, 184 mmol) in DMF (60 mL) was heated to a gentle reflux with 
vigorously stirring. Then, a solution of the compound 3a (3,33 g, 4.0 mol) obtained in Reference Example 2 in DMF (50 
mL) was added to this mixture over seven hours under an argon atmosphere. After heating at reflux for 12 hours, the 
reaction mixture was filtered and DMF was removed under reduced pressure. The residue was partially purified by silica 
gel column chromatography (hexane/ethyl acetate: 2/1 as eluent) to give a mixture of an intramolecular coupling product 
(compound 4a) and a debrominated byproduct. This was used as is in the following reduction process without further 
purification. 

[0149] The compound 4a obtained above (partially purified product) was added dropwise to a suspension of LiAIH 4 
(0.760 g, 16 mmol) in THF (15 mL) at 0°C. The reaction mixture was stirred at room temperature for 4 hours, carefully 
treated with 1 N cold HCI, and ethyl acetate was added thereto. The ethyl acetate solution was separated and the solvent 
was evaporated under reduced pressure. The residue was purified by silica gel column chromatography (ethyl acetate 
as eluent) to give the title compound 5a ((S)-4,5,6,4',5 ! ! 6 : -hexamethoxybiphenyl-2,2'- dimethanol) (0.790 g, 2.0 mmol/ 
yield: 50%). The NMR spectrum of the obtained compound 5a is shown in Table 3. 

Table 3 

NMR spectrum of compound 5a 

400 MHz 1 H NMR (CDCI 3 ) 5 6.89 (2H, s, Ar-H), 4.19 (4H, s, ArCH 2 0), 3.94 (6H, s, OCH 3 ), 3.89 (6H, s, OCH 3 ), 3.68 
(6H, s, OCH 3 ), 2.91 (2H, s, OH). 



[0150] The enantiomeric excess was measured by HPLC analysis (Daicel Chiralcel OD, hexane/2-propanol = 8:1, 
flow rate 0.5 mL/min ; retention time: (R)-form = 23.1 min, (S)-form= 35.2 min). The absolute configuration was determined 
by comparison of the retention times with that of the sample synthesized independently by the known method (J. Org. 
Chem. (2003) 68:9533). 
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<Reference Example 4: Synthesis of starting material (compound 7a) for synthesizing a quaternary ammonium salt> 
[0151] 

OMe 



OMe 



OMe 




MeC- 



CH 2 OH PBr 3 




[0152] Phosphorus tribromide (0.380 mL, 4.0 mmol) was added to a solution of compound 5a obtained in Reference 
Example 3 (0.790 g, 2.0 mmol) in CH 2 CI 2 (5 mL) at 0°C. The reaction mixture was stirred at room temperature for one 
hour. Then, water was added thereto, and extracted with ether. The organic layer was washed with saline, dried over 
Na 2 S0 4 , and concentrated to give a compound 6a ((S)-4,5,6,4',5',6'-hexamethoxybiphenyl-2,2'-dimethyl bromide). This 
was then used in the following reduction process without further purification. 

[0153] The compound 6a obtained above was added to a suspension of LiAIH 4 (0.190 g, 4.0 mmol) in THF (15 mL) 
at 0°C. The reaction mixture was stirred at room temperature for 4 hours. After 1 N cold HC1 was added carefully, the 
mixture was extracted with ethyl acetate. The solvent was evaporated under reduced pressure, and the residue was 
purified by silica gel column chromatography (hexane/ethyl acetate = 3/1 as eluent) to give the title compound 7a ((S)- 
4,5,6,4',5',6'-hexamethoxybiphenyl-2,2'-dimethane) (0.690 g, 1 .9 mmol/yield: 94%). The NMR spectrum of the obtained 
compound 7a is shown in Table 4. 

Table 4 



NMR spectrum of compound 7a 



400 MHz 1 H NMR (CDCI 3 ) 8 6.60 (2H, s, Ar-H), 3.88 (6H, s, OCH 3 ), 3.87 (6H, s, OCH 3 ), 3.68 (6H, s, OCH 3 ), 1 .95 
(6H, s, ArCH 3 )- 



<Reference Example 5: Synthesis of starting material (compound 8a) for synthesizing quaternary ammonium salt> 
[0154] 



MeC) 



OMe 



MeO v ^ 



OMe 



MeO J V^ CH 3 Br 2 /p y„ MeO-V~ CH3 

MeO^S- C h 3 quantitative MeO-j^ C H 3 

MeO^y^ Me0 'T^Br 
OMe OMe 



(7a) 



(8a) 



[0155] To a solution of the compound 7a obtained in Reference Example 4 (0.690 g, 1.88 mmol) and pyridine (0.760 
mL, 9.4 mmol) in CHCI 3 (5 mL), bromine (0.480 mL, 9.4 mmol) was added dropwise at 0°C. The reaction mixture was 
stirred for 30 minutes and then poured into a saturated aqueous Na 2 S0 3 solution and extracted with ether. The combined 
organic layer was washed with 1 N HCI and then concentrated. The residue was purified by silica gel column chroma- 
tography (hexane/ethyl acetate = 3/1 as eluent) to give the title compound 8a ((S)-3,3'-dibromo-4,5,6,4',5',6'-hexame- 
thoxybiphenyl-2,2'-dimethane) (0.980 g, 1 .88 mmol) in a quantitative yield. The NMR spectrum of the obtained compound 
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a is shown in Table 5. 



NMR spectrum of compound 8 



400 MHz 1 H NM R (CDCI 3 ) 53.96 (6H, s, OCH 3 ), 3.91 (6H, s, OCH 3 ), 3.65 (6H, s, OCH 3 ), 2.02 (6H, s, ArCH 3 ). 



<Reference Example 6: Synthesis of starting material (compound 9a) for synthesizing quaternary ammonium salt> 
[0156] 




[0157] Amixtureofthecompound8aobtainedin Reference Example5 (0.521 g, 1.0mmol),3,4,5-trifluorophenylboronic 
acid (0.704 g,4.0 mmol), palladium acetate (0.0449 g, 0.20 mmol), tri-o-tolylphosphine (0.244 g, 0.80 mmol), potassium 
phosphate n-hydrate (1.69 g, 8.0 mmol), andTHF (10 mL) was heated to 75°C and stirred under an argon atmosphere. 
The disappearance of the starting material was confirmed by TLC, and then the suspension was filtered and the filtrate 
was concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane/ethyl 
acetate = 5/1 as eluent) to give the title compound 9a ((S)-3,3'-bis(3,4,5-trifluorophenyl)-4,5,6,4',5',6'-hexamethoxybi- 
phenyl-2,2'-dimethane) (0.560 g, 0.90 mmol / yield: 90%). The NMR spectrum of the obtained compound 9a is shown 
in Table 6. 

Table 6 



NMR spectrum of compound 9a 



400 MHz 1 H NMR (CDCI 3 ): 5 6.88 (4H, m, Ar-H), 3.92 (6H, s, OCH 3 ), 3.74 (6H, s, OCH 3 ), 3.71 (6H, s, OCH 3 ), 1 .67 
(6H, s, ArCH 3 ). 



<Reference Example 7: Synthesis of starting material (compound 10a) for synthesizing quaternary ammonium salt> 
[0158] 




[0159] A solution of the compound 9a obtained in Reference Example 6 (0.560 g, 0.90 mmol), N-bromosuccinimide 
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(0.352 g, 1.98 mmol), and 2,2'-azobisisobutyronitrile (AIBN; 0.0148 g, 0.09 mmol) in benzene (5 mL) was heated at 
80°C for four hours. A saturated aqueous Na 2 S0 3 solution was added thereto to quench the reaction, and the mixture 
was extracted with ether. The organic layer was dried overNa 2 S0 4 , and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography (hexane/ethyl acetate = 5/1 aseluent)to give the title compound 
5 10a ((S)-3,3'-bis(3,4,5-trifluorophenyl)-4,5,6,4',5',6'-hexamethoxybiphenyl-2,2'-dimethyl bromide) (0.702 g, 0.9 mmol) 
in a quantitative yield. The NMR spectrum of the obtained compound 1 0a is show in Table 7. 

Table 7 

NMR spectrum of compound 10a 
400 MHz 1 H NMR (CDCI 3 ) 6 7.08 (2H, s, Ar-H), 7.00 (2H, s, Ar-H), 3.95 (1 OH, m, OCH 3 , ArCH 2 ), 3.87 (6H, s, OCH 3 ), 
3.73 (6H, s, OCH 3 ). 



<Example 1: Synthesis of quaternary ammonium salt ((S)-11)> 
[0160] 




[0161] To a suspension of the compound 10a (0.156 g, 0.20 mmol) obtained in Reference Example 7 and potassium 
carbonate (0.0553 g, 0.40 mmol) in acetonitrile (5 mL), dibutylamine (0.067 mL, 0.40 mmol) was added under an argon 
atmosphere. This reaction mixture was heated at 80°C for 10 hours. Then, this was poured into a 1 N HBr aqueous 
solution and extracted with CH 2 CI 2 . The organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (methanol/CH 2 CI 2 = 1/1 0 as eluent) to give the title optically 
active quaternary ammonium bromide (compound (S)-11) (in an optically active (S)-form) (0.148 g, 0.178 mmol /yield: 
89%). The R-form can also be synthesized using the same procedure as described above. The NMR spectrum of the 
compound (S)-1 1 that was obtained in this example is shown in Table 8. 



NMR spectrum of compound (S)-11 obtained in Example 1 



400 MHz 1 H NMR (CDCI 3 ) 5 7.27 (2H, s, Ar-H), 7.08 (2H, s, Ar-H), 4.33 (2H, d, J= 12.8 Hz, ArCH 2 ), 4.04 (6H, s, 
OCH 3 ), 3.90 (8H, m, OCH 3 , ArCH 2 ), 3.75 (6H, s, OCH 3 ), 2.97 (2H, m, NCH 2 ), 2.78 (2H, m, NCH 2 ), 1 .86 (4H, m, 
CH 2 ), 1.09 (2H, m, CH 2 ), 0.77 (6H, dd, J= 7.2, 7.2 Hz, CH 3 ), 0.23 (2H, m, CH 2 ). 



50 <Reference Example 8: Synthesis of starting material (compound 4b) for synthesizing quaternary ammonium salt> 
[0162] 

55 
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[0163] To a THF solution (4 mL) of B(OMe) 3 (2 mL) and the (S)-4,5,6,4',5',6'-hexamethoxybiphenyl-2,2'-dicarboxylic 
acid (2b) (0.422 g, 1 .0 mmol) obtained using the method of O. T. Schmidt et al. (O. T. Schmidt, K. Demmler, Justus 
Liebigs (1952). Ann. Chem. 576:85), a THF solution of BH 3 'Me 2 S (4.0 mL, 1.0 M, 4.0 mmol) was added dropwise under 
an argon atmosphere at 0°C. Then, the reaction temperature was raised to room temperature where the stirring was 
continued for five hours. Methanol (1 mL) was added thereto slowly to quench the reaction. After removing the solvent 
by evaporation under reduced pressure, 1 N HCI was added to the residue, and extracted with ethyl acetate. The organic 
layer was dried over Na 2 S0 4 , and concentrated under reduced pressure. The residue was transferred to a solution of 
pyridine (0.57 mL, 7.0 mmol) in THF (5 mL). This mixture was cooled to -20°C and then bromine (0.36 mL, 7.0 mmol) 
was added thereto. Thereafter, the reaction temperature was raised to 0°C where the stirring was continued for one 
hour. The reaction mixture was poured into a saturated aqueous Na 2 S0 3 solution, and then extracted with ethyl acetate. 
The organic layer was dried over Na 2 S0 4 , and concentrated under reduced pressure. The residue was purified by silica 
gel column chromatography (hexane/ethyl acetate = 1/1 as eluent) to give the title compound 4b ((S)-3,3'-dibromo- 
4,5,6,4',5',6'-hexamethoxybiphenyl-2,2'-dimethanol) (524 mg, 0.95 mmol / yield: 95%). The physical property data of 
the obtained compound 4b is shown in Table 9. 

Table 9 



Physical property data of compound 4b 



1 H NMR (400 MHz, CDCI 3 ) 8 4.56 (2H, d, J= 12.0 Hz, ArCH 2 ), 4.18 (2H, d, J= 12.0 Hz, ArCH 2 ), 3.98 (6H, s 
3.94 (6H, s, OCH 3 ), 3.66 (6H, s, OCH 3 ), 3.34 (2H, s, OH); 



13 C NMR (100 MHz, CDCI 3 ) 5 151.15, 150.32, 146.54, 134.10, 126.85, 115.65, 62.08, 60.99, 60.97, 60.62. 



IR (neat) 3292, 2939, 1458, 1388, 1313, 1088, 1005 cm- 1 . 



HRMS (ESI-TOF) Calculated for C 20 H 24 Br 2 O 8 (Na+): 572.9730, Found: 572.9723. 



[a] D 25 -7.17° (d.00, CHCI 3 ). 



<Reference Example 9: Synthesis of starting material (compound 5b) for synthesizing quaternary ammonium salt> 
[0164] 
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(4b) (5b ) F 



[01 65] Amixture of the compound 4b obtained in Reference Example 8 (0.276 g, 0.5 mmol), 3,4,5-trifluorophenylboronic 
acid (0.440 g,2.5 mmol), palladium acetate (0.0225 g, 0.10 mmol), tri-o-tolylphosphine (0.122 g, 0.40 mmol), potassium 
phosphate n-hydrate (1.056 g, 5.0 mmol), and THF (5 ml_) was heated at 88°C under an argon atmosphere. The 
disappearance of the starting material was confirmed by TLC, and then the suspension was filtered. The filtrate was 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane/ethyl 
acetate = 2/1 as eluent) to give the title compound 5b ((S)-3,3'-bis(3,4,5-trifluorophenyl)-4,5,6,4',5',6'-hexamethoxybi- 
phenyl-2,2'-dimethanol) (0.255 g, 0.39 mmol / yield: 78%). The physical property data of the obtained compound 5b is 
shown in Table 10. 

Table 10 

Physical property data of compound 5b 

1H NMR (400 MHz, CDCI 3 ) 5 7.09 (4H, m, Ar-H), 3.92-4.02 (10H, m, OCH 3 , ArCH 2 ), 3.76 (6H, S, OCH 3 ), 3.71 (6H, 
S, OCH 3 ), 3.19 (2H,S, OH). 

13 C NMR (1 00 MHz, CDCI 3 ) 5 151.11,1 50.74, 150.27 (ddd, J C . F = 250.6, 9.9, 4.1 Hz), 1 38.91 (dt, J C . F = 252.2, 1 5.7 
Hz), 133.11, 131.88 (dt, J C . F = 5.8, 8.2 Hz),1 30.26, 126.23, 1 14.71 (m), 61.03, 60.77, 60.72, 59.60. 

IR (neat) 3219, 2943, 1530, 1458, 1404, 1308, 1041 cnr 1 . 

HRMS (ESI-TOF) Calculated for C 32 H 26 F 6 0 8 (Na+): 677.1581, Found: 677.1583. 

[a] D 24 +43.79°(c 1 .00, CHCI 3 ). 



<Example 2: Synthesis of quaternary ammonium salt ((S)-11)> 
[0166] 
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[0167] Phosphorus tribromide (0.038 mL, 0.4 mmol) was added to a solution of compound 5b obtained in Reference 
Example 9 (0.131 g, 0.2 mmol) in CH 2 CI 2 (5 mL) at 0°C. The reaction mixture was stirred at room temperature for one 
hour. Then, the reaction was quenched with water and extracted with ether. The organic layer was washed with saline, 
dried over Na 2 S0 4 , and concentrated under reduced pressure to give a crude compound 6b. 
[0168] Then, the crude compound 6b was transferred to a suspension of potassium carbonate (0.0553 g, 0.40 mmol) 
and dibutylamine (0.067 mL, 0.40 mmol) in acetonitrile (5 mL) under an argon atmosphere. Then, this mixture was 
heated at 80°Cfor 10 hours. The reaction mixture was then poured into 1 N HBrto quench the reaction, and extracted 
with CH 2 Cl 2 . The organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The residue was 
purified by silica gel column chromatography (methanol/CH 2 CI 2 = 1/1 0 as eluent) to give the title quaternary ammonium 
bromide of the (compound (S)-11) in an optically active S-form (0.153 g, 0.184 mmol /yield: 92%). The R-form can be 
synthesized using the same procedure as described above. The physical property data of the compound (S)-1 1 obtained 
in this example is shown in Table 1 1 . 



Table 1 1 

Physical property data of compound (S)-1 1 obtained in Example 2 
1 H NMR (400 MHz, CDCI 3 ) 8 7.27 (2H, m, Ar-H), 7.08 (2H, m, Ar-H), 4.33 (2H, d, J = 12.8 Hz, ArCH 2 ), 4.04 (6H, s, 
OCH 3 ), 3.90 (8H, m, OCH 3 , ArCH 2 ), 3.75 (6H, s, OCH 3 ), 2.97 (2H, m, NCH 2 ), 2.78 (2H, m, NCH 2 ), 1 .86 (4H, m, 
CH 2 ), 1.09 (2H, m, CH 2 ), 0.77 (6H, dd, J = 7.2. 7.2 Hz, CH 3 ), 0.23 (2H, m, CH 2 )- 

13 C NMR (100 MHz, CDCI 3 ) 5 152.12, 151.75, 150.68 (ddd, J C . F = 253.0, 10.7, 4.1 Hz), 139.28 (dt, J C . F = 255.5, 
14.9 Hz), 130.21 (dt, J C . F = 4.9, 7.4 Hz), 129.80, 126.54, 1 19.98, 115.48 (m), 61.58, 61.14, 60.95, 57.69, 57.15, 
24.30, 19.37, 13.28. 

IR (neat) 2962, 2943, 1530, 1460, 1400, 1041 (cnr 1 ). 

HRMS (ESI-TOF) Calculated for [C 40 H 44 F 6 NO 6 ]+: 748.3067, Found: 748.3088. 
[a] D 24 -121.78° (d.00, CHCI 3 ). 



<Example 3: Confirmation of o-benzylation of glycine (1)> 
[0169] 



9 (S)-11 catalyst 9 

Ph 2 C=N^A oBut + R 18. w 50%KOHaq. , P^N^X^ 



loiuene, u p 

< 20 > (21) 



18 
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[0170] Amixture of the compound (S)-1 1 obtained in Example 2 (1 mol%; phase-transfer catalyst) and benzyl bromide 
(1 .2 equivalents, 43 (xL, 0.36 mmol) as the compound represented by R 1 8 -W in the above formula was added to a mixture 
of 50% KOH aqueous solution (1 mL) and a toluene solution (1 .5 mL) of N-(biphenylmethylene)glycine tert-butyl ester 
(compound 20) (88.6 mg, 0.3 mmol), and this was stirred vigorously at 0°C under an argon atmosphere. Completion of 

5 the reaction was confirmed by TLC, and then the reaction mixture was poured into water and extracted with ether. The 
organic extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure, 
and then the residual oil was purified by silica gel column chromatography (with ether/hexane = 1/10 as the eluent) to 
give the corresponding compound 21 ((R)-tert-butyl N-(dipheny Imethylene) phenylalanine) (1 1 0 mg, 0.285 mmol / yield: 
95%). The optical purity of the compound 21 obtained in this example was analyzed by HPLC [Daicel Chiralcel OD; 

io eluent: hexane/2-propanol = 100:1, flow rate 0.5 mL/min; retention time: (R)-form = 14.8 min, (S)-form = 28.2 min]. The 
optical purity of the compound 21 obtained in this example is shown in Table 12 below. 

<Example 4: Confirmation of a-benzylation of glycine (2)> 

15 [0171] The corresponding compound 21 was obtained in the same manner as in Example 3, except that the reaction 
temperature was set to 25°C instead of 0°C, and the reaction time was set to 4.5 hours instead of 6 hours. The optical 
purity of the compound 21 obtained in this example was also analyzed in the same manner as in Example 3. The optical 
purity of the compound 21 obtained in this example is shown in Table 12 below. 

20 <Example 5: Confirmation of a-benzylation of glycine (3)> 

[0172] The corresponding compound 21 was obtained in the same manner as in Example 3, except that the phase- 
transfer catalyst ((S)-1 1 ) was used in 0. 1 mol% instead of 1 mol%, the reaction temperature was set to 25°C instead of 
0°C, and the reaction time was set to 1 1 hours instead of 6 hours. The optical purity of the compound 21 obtained in 
25 this example was also analyzed in the same manner as in Example 3. The optical purity of the compound 21 obtained 
in this example is shown in Table 12 below. 

<Example 6: Confirmation of a-benzylation of glycine (4)> 

so [0173] The corresponding compound 21 was obtained in the same manner as in Example 3, except that the phase- 
transfer catalyst ((S)-1 1 ) was used in 0.05 mol% instead of 1 mol%, the reaction temperature was set to 25°C instead 
of 0°C, and the reaction time was set to 20 hours instead of 6 hours. The optical purity of the compound 21 obtained in 
this example also was analyzed in the same manner as in Example 3. The optical purity of the compound 21 obtained 
in this example is shown in Table 12 below. 

35 

<Example 7: Confirmation of a-benzylation of glycine (5)> 

[0174] The corresponding compound 21 was obtained in the same manner as in Example 3, except that the phase- 
transfer catalyst ((S)-1 1 ) was used in 0.01 mol% instead of 1 mol%, the reaction temperature was set to 25°C instead 
40 of 0°C, and the reaction time was set to 24 hours instead of 6 hours. The optical purity of the compound 21 obtained in 
this example also was analyzed in the same manner as in Example 3. The optical purity of the compound 21 obtained 
in this example is shown in Table 12 below. 

<Example 8: Confirmation of a-benzylation of glycine (6)> 

45 

[0175] The corresponding compound 21 was obtained in the same manner as in Example 3, except that the phase- 
transfer catalyst ((S)-1 1 ) was used in 0.5 mol% instead of 1 mol%, allyl bromide was used instead of benzyl bromide as 
the compound represented by R 13 -W in the above formula in 1.2 equivalents with respect to compound 20, and the 
reaction time was set to 5 hours instead of 6 hours. The optical purity of the compound 21 obtained in this example also 
so was analyzed in the same manner as in Example 3. The optical purity of the compound 21 obtained in this example is 
shown in Table 12 below. 

<Example 9: Confirmation of a-benzylation of glycine (7)> 

55 [0176] The corresponding compound 21 was obtained in the same manner as in Example 3, except that the phase- 
transfer catalyst ((S)-11) was used in 0.1 mol% instead of 1 mol%, ethyl iodide (8 equivalents, used as the excess 
quantity) was used instead of benzyl bromide as the compound represented by R 18 -W in the above formula, the reaction 
temperature was set to 25°C instead of 0°C, and the reaction time was set to 36 hours instead of 6 hours. The optical 
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purity of the compound 21 obtained in this example also was analyzed in the same manner as in Example 3. The optical 
purity of the compound 21 obtained in this example is shown in Table 12 below. 

Table 12 





Amount of 
catalyst 
((S)-11) 

(mol%) 


R 18 -W 


Reaction condition 


Product (Compound 21) 


Temperature 

(°C) 


Time 


Yield (%) 


Optical purity 


Absolute 
configuration 


(hr) 


(%ee) 


Example 3 




PhCH 2 Br 


0 


6 


95 


98 


R-form 


Example 4 


1 


PhCH 2 Br 


25 


4.5 


97 


97 


R-form 


Example 5 


0.1 


PhCH 2 Br 


25 


11 


96 


97 


R-form 


Example 6 


0.05 


PhCH 2 Br 


25 


20 


94 


97 


R-form 


Example 7 


0.01 


PhCH 2 Br 


25 


24 


95 


96 


R-form 


Example 8 


0.5 


CH 2 =CHCH 2 Br 


0 


5 


99 


96 


R-form 


Example 9 


0.1 


CH 3 CH 2 I 


25 


36 


80 


94 


R-form 



[0177] As shown in Table 12, it is found that it was possible to produce the corresponding compound 21 in high yield 
and excellent optical purity under the conditions of any one of Examples 3 through 9. Further, the results of Examples 
6 and 7 show that even when the amount of catalyst used is reduced markedly, the yield and the optical purity of the 

25 corresponding compound 21 are not significantly different from those in the other examples. From this fact it is clear 
that use of the phase-transfer catalyst of the present invention (e.g. (S)-1 1) in a minute amount suffices the efficient 
production of a-amino acid derivatives. Moreover, with regard to the reaction temperature, as shown in Examples 4 
through 7 and 9, it is not necessary to perform the reaction at relatively low temperatures as in Examples 3 and 8, and 
the reaction proceeds uneventfully at temperatures (such as room temperature) at which industrial production is easier 

ao without affecting the yield and the optical purity of the compound 21 so seriously. This demonstrates that the method of 
the present invention is also extremely beneficial in view of the industrial production. 



<Example 10: Confirmation of cx-benzylation of alanine> 



35 [0178] 



P-CI-P^N.i (SHIca^a^citric^ 

T ° bU 2 CsOH-H 2 0(5eq.) THF ^ V_ 
Me toluene Ph 

(22) (23) 



45 [0179] A mixture of a toluene solution (1.5 mL) of tert-butyl ester aidimine Schiff base (22) (80.3 mg, 0.3 mmol), the 
compound (S)-11 obtained in Example 2 (1 mol%; phase-transfer catalyst), benzyl bromide (43 p,L, 0.36 mmol) and 
CsOH-H 2 0 (252 mg, 1 .5 mmol) was stirred vigorously at 0°C under an argon atmosphere. The progress of the reaction 
was followed by TLC. After the reaction was complete, the mixture was poured into water and extracted with CH 2 CI 2 . 
The solvent was evaporated under reduced pressure, and the residue was dissolved in THF (5 mL). A 0.5 M citric acid 

50 (5 mL) was added thereto, and the resulting mixture was stirred for one hour at room temperature. THF was evaporated 
under reduced pressure, and then the aqueous layer was washed with hexane. Then.the aqueous layer was basified 
with solid Na 2 C0 3 and the mixture was extracted with CH 2 CI 2 . The organic extract was dried over Na 2 S0 4 . The solvent 
was evaporated under reduced pressure, and the residue was purified by silica gel column chromatography (ethyl 
acetate/hexane = 1/2 as eluent) to give the title alkylated compound 23 (37 mg, 0.159 mmol). Since a portion of the 

55 compound 23 obtained in this example was volatilized during purification where concentration under reduced pressure, 
the yield was 53%. The optical purity of the compound 23 obtained in this example was analyzed by HPLC [Daicel 
Chiralcel AD-H; eluent: hexane/2-propanol = 30/1, flow rate 0.5 mL/min; retention time: (R)-form = 12.6 min, (S)-form = 
1 9.4 min]. The optical purity of the compound 23 obtained in this example was 99% ee. 
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<Example 1 1 : Alkylation of alanine ethyl ester using 48% potassium hydroxide aqueous solution> 
[0180] 




[0181] A hydrochloride salt of L-alanine ethyl ester (compound L-24) (23.0 g, 150 mmol) was added to ethanol (140 
mL), and then triethylamine (15.2 g, 150 mmol) was added thereto and stirred. p-Chlorobenzaldehyde (compound 25), 
which was melted in a bath heated to 60°C and allowed to cool until room temperature, was added dropwise to the 
ethanol solution of compound L-24. After stirring at room temperature for two hours, the ethanol was evaporated under 
reduced pressure. Half-saturated saline (40 mL) was then added thereto, and then extracted with ethyl acetate (1 60 mL 
x 1). The ethyl acetate layer was washed with saturated saline (20 mL) and filtered through filter paper covered with 
sodium sulfate. The filtrate was then concentrated under reduced pressure to give L-alanine ethyl ester-p-chlorobenzyl 
Schiff base (compound L-26) (36.75 g) in a quantitative yield. 

[0182] Then, the Schiff base obtained above (compound L-26) (1.20 mg, 5.01 mmol), 4-chlorobenzyl bromide (com- 
pound 27) (1.23 g, 5.99 mmol), and the compound (S)-1 1 obtained in Example 2 (0.1 mol%; phase-transfer catalyst) 
(4.2 mg, 5.1 (xmol) were added to toluene (20 mL), and stirred vigorously (1000 rpm) with ice-salt cooling. Once the 
internal temperature reached -5°C, a 48% potassium hydroxide aqueous solution (8.80 g (as the aqueous solution)) 
was added to the reaction mixture. This was then stirred for four hours while maintaining the internal temperature between 
-1 °C and -5°C. The disappearance of the compound 30 due to degradation of the Schiff base (compound L-26) in the 
toluene layer was monitered by TLC (hexane/ethyl acetate/triethylamine = 5/5/0.1, ninhydrin color, Rf value of 0.1 for 
compound 30), and the end of the reaction was also confirmed by TLC under the same conditions. Then, water (20 mL) 
was added thereto, and the toluene layer was removed by separation. The aqueous layer was extracted with toluene 
(20 mLx2). The combined toluene layer was dried over sodium sulfate and concentrated under reduced pressure to give 
the alkylated Schiff base (compound 28) as an oily residue. 

[0183] To this residue, 1 N hydrochloric acid (10 mL) was added and stirred at room temperature for two hours. The 
aqueous layer was washed with toluene (20 mL x 3), and sodium bicarbonate was added thereto carefully to avoid too 
vigorous bubbling until pH of the solution reached not lower than 11 (confirmed by universal pH test paper), and then 
the mixture was extracted with ethyl acetate (20 mL x 3). The ethyl acetate solution obtained was dried over sodium 
sulfate and concentrated under reduced pressure to give the title compound 29 ((R)-a-methyl-4-chlorophenylalanine 
ethyl ester) (0.60 g, yield: 50%). The optical purity of the compound 29 obtained in this example was analyzed by HPLC 
[Daicel Chiralcel AD (4.6 mmf x 25 cm); eluent: hexane/isopropyl alcohol/diethylamine = 99/1/0.1 ; flow rate 0.5 mL/min; 
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temperature = room temperature; detector UV 267.5 nm; retention time: (R)-form = 24.7 min, (S)-form = 26.3 min). The 
optical purity of the compound 29 obtained in this example was 97% ee. 

<Example 12: Hydrolysis of (R)-a-methyl-4-chlorophenylalanine ethyl ester> 

[0184] 

CI CI 

M ^ i 



K^S 2) 2 N HCI 

H 2 N^COOEt PH6.0 H 2 r>T 



~COOH 



72% (99% ee) 



[0185] To (R)-«-methyl-4-chlorophenylalanine ethyl ester (compound 29) (0.35 g, 1 .4 mmol, optical purity 97% ee), 
5 N aqueous potassium hydroxide solution (1 mL) was added, and stirred at room temperature for two hours until the 
solution became homogeneous. Then, 2 N hydrochloric acid was added thereto until pH of the mixture reached 6.0. 
White precipitate was observed, and the stirring was continued for 30 minutes with ice-cooling. The white precipitate 
was filtered off, dried at 50°C for three hours to give compound 31 ((R)-oc-methyl-4-chlorophenylalanine) (0.22 g, yield 
72%). The optical purity of the compound 31 obtained in this example was analyzed by HPLC [Sumika Sumichiral OA- 
5000 (4.6 mm<|> x 15 cm); eluent : methanol/2 mM aqueous copper sulfate solution = 30/70 ; flow rate 1.0 mL/min ; 
temperature = 37°C ; detector UV 254 nm ; retention time : (S)-form = 40.4 min, (R)-form = 57.2 min]. The optical purity 
of the compound 31 obtained in this example was 99% ee. 

<Example 13: Synthesis of quaternary ammonium salt (compound (S)-40)> 

[0186] 



F F 




[0187] Dipropylamine (0.01 37 mL, 0.1 mmol) was added to a suspension of the compound 10a obtained in Reference 
Example 7 (15.6 mg, 0.02 mmol) and potassium carbonate (6.9 mg, 0.05 mmol) in acetonitrile (3 mL) under an argon 
atmosphere. This reaction mixture was heated at 80°C for 10 hours. Then, this was poured into a 1 N HBr aqueous 
solution and extracted with CH 2 CI 2 . The organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (methanol/CH 2 CI 2 = 1/10 as eluent) to give the title optically 
active quaternary ammonium bromide (compound (S)-40) (S-form) (14.6 mg, 0.01 8 mmol /yield: 91%). The R-form can 
also be synthesized using the same procedure as above. The NMR spectrum of the compound (S)-40 obtained in this 
example is shown in Table 13. 



84 



EP 1 870 403 A1 



Table 13 

NMR spectrum of compound (S)-40 obtained in Example 13 

400 MHz 1 H NMR (CDCI 3 ) 8 7.28 (2H, s, Ar-H), 7.09 (2H, s, Ar-H), 4.31 (2H, d, J= 12.4 Hz, ArCH 2 ), 4.04 (6H, s, 
OCH 3 ), 3.89 (8H, m, OCH 3 , ArCH 2 ), 3.77 (6H, s, OCH 3 ), 2.95 (2H, m, NCH 2 ), 2.75 (2H, m, NCH 2 ), 1 .09 (2H, m, 
CH 2 ), 0.77 (6H, dd, J= 7.2, 7.2 Hz, CH 3 ), 0.25 (2H, m, CH 2 )- 



<Example 14: Synthesis of quaternary ammonium salt (compound (S)-41)> 
[0188] 



F F 




[0189] Dihexylamine (0.0233 mL, 0.1 mmol) was added to a suspension of the compound 10a obtained in Reference 
Example 7 (15.6 mg, 0.02 mmol) and potassium carbonate (6.9 mg, 0.05 mmol) in acetonitrile (3 mL) under an argon 
atmosphere. This reaction mixture was heated at 80°C for 10 hours. Then, this was poured into a 1 N HBr aqueous 
solution and extracted with CH 2 CI 2 . The organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (methanol/CH 2 CI 2 = 1/20 as eluent) to give the title 
quaternary ammonium bromide (compound (S)-41) in an optically active S-form (16 mg, 0.018 mmol /yield: 90%). The 
R-form can also be synthesized using the same procedure as above. The NMR spectrum of the compound (S)-41 
obtained in this example is shown in Table 14. 

Table 14 

NMR spectrum of compound (S)-41 obtained in Example 14 

400 MHz 1 H NMR (CDCI 3 ) 5 7.26 (2H, s, Ar-H), 7.07 (2H, s, Ar-H), 4.31 (2H, d, J= 12.5 Hz, ArCH 2 ), 4.05 (6H, s, 
OCH 3 ), 3.92 (8H, m, OCH 3 , ArCH 2 ), 3.75 (6H, s, OCH 3 ), 2.92 (2H, m, NCH 2 ), 2.74 (2H, m, NCH 2 ), 1 .30-1 .08(1 4H, 
m, CH 2 ), 0.74 (6H, dd, J= 7.1 , 7.2 Hz, CH 3 ), 0.25 (2H, m, CH 2 ). 



<Reference Example 1 0: Synthesis of starting material (compound (R)-43) for synthesizing quaternary ammonium sa!t> 
[0190] 
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'CQ 2 H Quinidine 
^s v/ C0 2 H AcOEt 




[0191] Quinidine (16.22 g, 50 mmol) was added to an ethyl acetate solution (160 mL) of the 4,5,6,4',5',6'-hexameth- 
oxydiphenic acid (43) (21.12 g, 50 mmol) obtained using the method of J. D. Reitze et al. (J. D. Reitze, S. R. Przewloka, 
B. J. Shearer (2001). Holzforschung 55:171) at room temperature. The reaction mixture was heated at reflux for one 
hour and then slowly cooled to 0°C. The precipitated crystal was collected by filtration and washed with ethyl acetate 
and then dried to give a bisquinidine salt of 4,5,6,4',5',6'-hexamethoxydiphenic acid (15.34 g). Ethyl acetate (50 mL) 
and 1 N HCI aqueous solution (100 mL) were added, and stirred at room temperature for one hour. This was extracted 
with ethyl acetate and the extract was dried over Na 2 S0 4 and concentrated to give the title compound (R)-43 ((R)- 
4,5,6,4',5',6'-hexamethoxydiphenic acid) (5.97 g, 14.1 mmol /yield: 28%). 

[0192] The filtrate from the above process was concentrated under reduced pressure, and 85% aqueous methanol 
(82 mL) and 1 N aqueous potassium hydroxide solution (35 mL) were added dropwise to this residue. To this was added 
quinidine (4.87 g, 15 mmol) at room temperature. The reaction mixture was heated at reflux for one hour, and then 
cooled slowly to 0°C. The precipitated crystals were filtered off, washed with 85% aqueous methanol and dried to give 
the bisquinidine salt of the 4,5,6,4', 5', 6'-hexamethoxydiphenic acid (15.84 g). To this were added ethyl acetate (50 mL) 
and 1 N HCI aqueous solution (100 mL) were added to this, and stirred at room temperature for one hour. This was 
extracted with ethyl acetate and dried over Na 2 S0 4 and concentrated to give the compound (S)-43 ((S)-4,5,6,4,5),6'- 
hexamethoxydiphenic acid) (4.92 g, 1 1 .65 mmol / yield: 23%). 

[0193] The enantiomeric excess was measured by HPLC analysis (Daicel Chiralcel AD-H, hexane/2-propanol/TFA = 
93:7:0.1, flow rate 0.8 mLAnin, retention time: (S)-form = 26.3min,(R)-form=34.1 min). The optical purity of the compound 
(R)-43 was 99% ee. The optical purity of the compound (S)-43 was 99% ee. The absolute configuration was determined 
by comparison of the retention times with those of the samples synthesized independently by the known method (O. T. 
Schmidt, K. Demmler, Justus Liebigs (1952). Ann. Chem. 576:85). 

<Reference Example 11: Synthesis of starting material (compound (R)-44) for synthesizing quaternary ammonium salt> 
[0194] 




MeO, 

Mel 

CQ 2 H K 2 CQ 3i MeO' 
C0 2 H acetone MeO, 

MeO' 




[0195] Potassium carbonate (0.55 g, 8 mmol) and methyl iodide (1 .25 mL, 20 mmol) were added to a solution of the 
compound (R)-43 obtained in Reference Example 10 (0.84 g, 2 mmol) in acetone (10 mL). This reaction mixture was 
heated under reflux for five hours, then saturated NaHC0 3 solution was added. The mixture was extracted with ethyl 
acetate. The organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The title compound (R)- 
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44 ((R)-4,5,6,4',5',6'-hexamethoxydiphenate dimethyl ester) (0.90 g, 2 mmol) was obtained in a quantitative yield. The 
NMR spectrum of the obtained compound (R)-44 is shown in Table 15. 

Table 15 

NMR spectrum of compound (R)-44 
400 MHz 1H NMR (CDCI 3 ) 5 7.37 (2H, s, Ar-H), 3.97 (1 2H, s, OCH 3 ), 3.94 (6H, s, OCH 3 ), 3.60 (6H, s, C0 2 CH 3 )- 

<Reference Example 12: Synthesis of starting material (compound (R)-45) for synthesizing quaternary ammonium salt> 
[0196] 




[0197] Bromine (0.51 mL, 10 mmol) was added dropwise to a solution of the compound (R)-44 obtained in Reference 
Example 11 (0.90 g, 2 mmol) in CH 3 CN (10 mL) atO°C.The reaction mixture was stirred for three hours and then poured 
into a saturated aqueous Na 2 S0 3 solution. The mixture was extracted with ethyl acetate. The combined organic layer 
was washed with saturated saline, and then concentrated under reduced pressure. The compound (R)-45 ((R)-3,3'- 
dibromo-4,5,6,4',5',6'-hexamethoxydiphenate dimethyl ester) (1 .21 g, 2 mmol) was obtained in a quantitative yield. The 
NMR spectrum of the obtained compound (R)-45 is shown in Table 16. 

Table 16 

NMR spectrum of compound (R)-45 
400 MHz 1 H NMR (CDCI 3 ) 53.95 (1 2H, s, OCH 3 ), 3.79 (6H, s, OCH 3 ), 3.65 (6H, s, OCH 3 ). 



<Reference Example 13: Synthesis of starting material (compound (R)-46) for synthesizing quaternary ammonium salt> 
[0198] 



F 




87 
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[0199] A mixture of the compound (R)-45 obtained in Reference Example 12 (1.21 g, 2 mmol), 3,4,5-trifluorophenyl- 
boronic acid (1.06 g, 6 mmol), palladium acetate (90 mg, 0.4 mmol), tri-o-tolylphosphine (0.49 g, 1.6 mmol), sodium 
methoxide (0.32 g, 6 mmol), and DME (10 mL) was stirred with heating at 85°C under an argon atmosphere. The 
disappearance of the starting material was confirmed by TLC, and then the suspension was filtered and the filtrate was 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane/ethyl 
acetate = 5/1 as eluent) to give the title compound (R)-46 ((R)-3,3'-bis(3,4,5-trifluorophenyl)-4,5,6,4',5',6'-hexamethox- 
ydiphenate dimethyl ester) (1.14 g, 1.60 mmol / yield: 80%). The NMR spectrum of the obtained compound (R)-46 is 
shown in Table 17. 

Table 17 

NMR spectrum of compound (R)-46 

400 MHz 1 H NMR (CDCI 3 ) 8 6.92 (4H, m, Ar-H), 3.98 (6H, s, OCH 3 ), 3.85 (6H, s, OCH 3 ), 3.71 (6H, s, OCH 3 ), 3.27 
(6H, s, C0 2 CH 3 ). 



<Reference Example 14: Synthesis of starting material (compound (R)-47) for synthesizing quaternary ammonium salt> 
[0200] 




[0201] LiAIH 4 (0.29 g, 4.64 mmol) was added to a solution of the compound (R)-46 obtained in Reference Example 
13 (1.10 g, 1.55 mmol) in cyclopentylmethylether (CPME) (11 mL) at-10°C. The reaction mixture was stirred at 0°Cfor 
four hours. After 1 N cold HCI was added carefully, the mixture was then extracted with ethyl acetate, and concentrated 
under reduced pressure. The title compound (R)-47 ((R)-3,3'-bis(3,4,5-trifluorophenyl)-4,5,6,4',5',6'-hexamethoxybiphe- 
nyl-2,2'-dimethanol) (1 .02 g, 1 .55 mmol) was obtained in a quantitative yield. The NMR spectrum of the obtained com- 
pound (R)-47 is shown in Table 18. 

Table 18 

NMR spectrum of compound (R)-47 
400 MHz 1 H NMR (CDCI 3 ) 8 7.09 (4H, m, Ar-H), 3.92-4.02 (10H, m, OCH 3 , ArCH 2 ), 3.76 (6H, s, OCH 3 ), 3.71 (6H, 
s, OCH 3 ), 3.19 (2H, s, OH). 



<Reference Example 15: Synthesis of starting material (compound (R)-48) for synthesizing quaternary ammonium salt> 
[0202] 
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[0203] Phosphorus tribromide (0.44 mL, 4.65 mmol) was added to a solution of the compound (R)-47 obtained in 
Reference Example 14 (1.02 g, 1.55 mmol) in CPME (10 mL) at 0°C. The reaction mixture was stirred for two hours at 
0°C, then a saturated aqueous NaHC0 3 solution was added thereto. The mixture was extracted with ethyl acetate. The 
organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The title compound (R)-48 ((R)-3,3'- 
bis(3,4,5-trifluorophenyl) -4,5,6,4', 5', 6'-hexamethoxybiphenyl-2,2'-dimethyl bromide) (1.21 g, 1.55 mmol) was obtained 
in a quantitative yield. The NMR spectrum of the obtained compound (R)-48 is shown in Table 19. 

Table 19 



NMR spectrum of compound (R)-48 



400 MHz 1 H NMR (CDCI 3 ) 5 7.08 (2H, s, Ar-H), 7.00 (2H, s, Ar-H), 3.95 (1 OH, m, OCH 3 , ArCH 2 ), 3.87 (6H, s, OCH 3 ), 
3.73 (6H, s, OCH 3 ). 



<Reference Example 1 6: Synthesis of starting material (compound 51 ) for synthesizing quaternary ammonium salt> 
[0204] 



EtO EtO 
EtO^P^C0 2 H^J r EtOH^C0 2 H 



EtO 

50 



EtO Br 
51 



[0205] N-bromosuccinimide (NBS) (28.48 g, 1 60 mmol) was added to a solution of 3,4,5-triethoxy benzoic acid (com- 
pound 50) (25.43 g, 1 00 mmol) in CH 3 CN (200 mL) at 0°C. This solution was stirred for three hours at 0°C and then a 
saturated aqueous NagSOg solution was added thereto. After the mixture was extracted with ethyl acetate, the organic 
layer was washed with saturated saline, dried over Na 2 S0 4! and concentrated under reduced pressure. A mixture of 
the title compound 51 (2-bromo-3,4,5-triethoxybenzoic acid) and the byproduct, succinimide, was obtained (47.19 g). 
The NMR spectrum of the compound 51 purified independently is shown in Table 20. 



NMR spectrum of compound 51 
400 MHz 1 H NMR (CDCI 3 ) 87.35 (1 H, s, Ar-H), 4.17 (2H, q, J= 7.0 Hz, OCH 2 ), 4.1 1 (4H, q, J= 7.0 Hz, OCH 2 ), 1 .46 
(6H, m, CH 3 ), 1 .39 (3H, t. J = 7.0 Hz, CH 3 ). 



<Reference Example 1 7: Synthesis of starting material (compound 52) for synthesizing quaternary ammonium salt> 
[0206] 
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HO Mel EtO 

>=\ K 2 C0 3 >=\ 

BO^^CP^—^ Et0 ^_|-C0 2 Me 

EtO Br EtO Br 

51 52 



[0207] Potassium carbonate (20.73 g, 150 mmol) and methyl iodide (28.39 g, 200 mmol) were added to a solution of 
the mixture of the compound 51 and the byproduct, succinimide, obtained in Reference Example 16 (47.19 g, 100 mmol) 
in acetone (240 mL). This reaction mixture was heated under reflux for five hours, then a saturated aqueous NaHC0 3 
solution was added. The reaction mixture was extracted with ethyl acetate. The organic layer was dried over Na2S0 4 
and concentrated under reduced pressure. The title compound 52 (2-bromo-3,4,5-triethoxybenzoate methyl ester) (34.86 
g, 1 00 mmol) was obtained in a quantitative yield. The NMR spectrum of the obtained compound 52 is shown in Table 21 . 

Table 21 



NMR spectrum of compound 52 



400 MHz 1 H NMR (CDCI 3 ) 5 7.26 (1 H, s, Ar-H), 4.16-4.05 (6H, m, OCH 2 ), 3.92 (3H, s, C0 2 CH 3 ), 1 .44 (6H, m, CH 3 ), 
1.38 (3H, t, J = 7.1 Hz, CH 3 ). 



<Reference Example 1 8: Synthesis of starting material (compound 54) for synthesizing quaternary ammonium salt> 
[0208] 





XX> 2 Me NaOHaq. Et0 - 
.C0 2 Me 



[0209] Under an argon atmosphere, activated Cu powder (25.42 g, 400 mmol) was added to a solution of the compound 
52 obtained in Reference Example 17(34.86 g, 100 mmol) in DMF (300 mL). After deaeration, this mixture was heated 
atagentl reflux. After five hours of heated at reflux, the reaction mixture was filtered, 1 N HCI solution was added to the 
filtrate and the mixture was extracted with ethyl acetate. The organic layer was washed with saturated saline, dried over 
Na 2 S0 4 , and then concentrated under reduced pressure. A mixture of the coupling product (compound 53) and a 
debrominated byproduct was obtained. This was used as is in the following process without further purification. 
[0210] To a solution of the compound 53 obtained above in methanol (125 mL), 8 N KOH aqueous solution (37.5 mL) 
was added dropwise. The reaction mixture was heated at reflux for five hours and then the methanol was removed under 
reduced pressure. To the residue were added methanol (20 mL) and water (1 00 mL) and then the mixture was acidified 
with concentrated hydrochloric acid. The precipitated crystals were filtered off, washed with water, and then dried. The 
title compound 54 (4,5,6,4',5',6'-hexaethoxydiphenic acid) was obtained (37.35 g, 37.35 mmol/yield: 75%). The NMR 
spectrum of the obtained compound 54 is shown in Table 22. 

Table 22 



NMR spectrum of compound 54 



400 MHz ''H NMR (CDCI3) 8 7.36 (2H, s, Ar-H), 4.20-4.07 (12H, m, O CH 2 ), 1 .48-1 .37 (1 8H, m, CH 3 ). 
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<Reference Example 1 9: Synthesis of starting material (optically active compound 54) for synthesizing quaternary ai 
monium salt> 




C0 2 H Quinidine H*^ t=tO' 
C0 2 H 



MeOH / H 2 0 




OEt 

Optically active compound 54 



[0212] Quinidine (18.43 g, 56.8 mmol) was added to a 60% aqueous methanol (270 ml_) of the compound 54 obtained 
in Reference Example 18 (14.39 g, 28.4 mmol). The mixture was heated at reflux for one hour and then cooled slowly 
to 0°C. The precipitated crystals were collected by filtration and washed with 60% aqueous methanol, and dried to give 
the bisquinidine salt of 4,5,6,4',5',6'-hexaethoxydiphenic acid (9.64 g). This was recrystalized in 60% aqueous methanol 
(1 00 mL). The crystals were collected by filtratation, washed with 60% hydrous methanol and dried to give the bisquinidine 
salt of 4,5,6,4',5',6'-hexaethoxydiphenic acid (5.20 g). Ethyl acetate (30 mL) and 1 N HCI aqueous solution (50 mL) were 
added thereto. The mixture was stirred at room temperature for one hour, extracted with ethyl acetate. The extract was 
dried over Na 2 S0 4 and concentrated to give the title optically active compound 54 (optically active 4,5,6,4',5',6'-hexa- 
ethoxydiphenic acid) (2.40 g, 4.74 mmol / yield: 17%). 

[0213] The enantiomeric excess was measured by HPLC analysis (Daicel Chiralcel AD-H, hexane/2-propanol/TFA = 
97:3:0.1 , flow rate 0.4 mL/min, retention time: 53.7min (major), 57.3 min (minor)). The optical purity of the optically active 
compound 54 was 99% ee. 

<Reference Example 20: Synthesis of starting material (optically active compound 53) for synthesizing quaternary am- 
monium salt> 



OEt OEt 
EtO^/L 
Mel 1 1 

"C0 2 H K z c °3 i EtO / N^ v C0 2 Me 
Et0^k^C0 2 H acetone EtO^L^C0 2 Me 

EtO^^y EtO^^p 
OEt OEt 
Optically active compound 54 Optically active compound 53 




[0215] Potassium carbonate (2.62 g, 19 mmol) and methyl iodide (4.04 g, 28.4 mmol) were added to a solution of the 
optically active compound 54 obtained in Reference Example 19 (2.40 g, 4.74 mmol) in acetone (24 mL). This reaction 
mixture was heated under reflux for five hours, and then a saturated aqueous NaHC0 3 solution was added to the reaction 
mixture and extraction was performed with ethyl acetate. The organic layer was dried over Na 2 S0 4 and concentrated 
under reduced pressure. The title optically active compound 53 (optically active 4,5,6, 4',5',6'-hexaethoxydiphenate dime- 
thyl ester) (1.55 g, 2.90 mmol /yield:61%) was obtained. The NMR spectrum of the obtained optically active compound 
53 is shown in Table 23. 
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Table 23 

NMR spectrum of optically active compound 53 

400 MHz 1 H NMR (CDCI 3 ) 8 7.32 (2H, s, Ar-H), 4.17-4.1 1 (12H, m, OCH 2 ), 3.56 (6H, s, C0 2 CH 3 ), 1 .48 (6H, t, J = 
7.0 Hz, CH 3 ), 1 .37 (6H, t, J = 7.1 Hz, CH 3 ), 0.97 (6H, t, J= 7.0 Hz, CH 3 ). 



<Reference Example 21 : Synthesis of starting material (optically active compound 55) for synthesizing quaternary am- 
monium salt> 

[0216] 




Optically active compound 53 Optically active compound 55 



[0217] Bromine (0.71 mL, 14 mmol) was added dropwise to a solution of the optically active compound 53 obtained 
in Reference Example 20 (1.55g, 2.90 mmol) in CH 3 CN (15 mL) at 0°C. The reaction mixture was stirred for three hours 
and then poured into a saturated aqueous Na 2 S0 3 solution. The mixture was extracted with ethyl acetate. The combined 
organic layer was washed with saturated saline and concentrated under reduced pressure. The title compound 55 
(optically active 3,3'-dibromo-4,5,6,4',5',6'-hexaethoxydiphenate dimethyl ester) (2.05 g, 2.90 mmol) was obtained in a 
quantitative yield. The NMR spectrum of the obtained optically active compound 55 is shown in Table 24. 

Table 24 

NMR spectrum of optically active compound 55 

400 MHz 1 H NMR (CDCI 3 ) 5 4.20-4.05 (12H, m, OCH 2 ), 3.63 (6H,s, C0 2 CH 3 ), 1.45 (6H, t, J= 7.1 Hz, CH 3 ), 1.38 
(6H, t, J= 7.1 Hz, CH 3 ), 1.05 (6H, t, J= 7.0 Hz, CH 3 ). 



<Reference Example 22: Synthesis of starting material (optically active compound 56) for synthesizing quaternary am- 
monium salt> 

[0218] 



92 
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F 




[0219] A mixture of the optically active compound 55 obtained in Reference Example 21 (2.05 g, 2.90 mmol), 3,4,5- 
trifluorophenylboronic acid (1.53 g, 8.7 mmol), palladium acetate (0.13 g, 0.58 mmol), tri-o-tolylphosphine (0.71 g, 2.32 
mmol), sodium methoxide (0.47 g, 8.7 mmol), and DME (17 mL) was stirred with heating at 85°C under an argon 
atmosphere. The disappearance of the starting material was confirmed by TLC, and then the suspension was filtered 
and the filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatography 
(with hexane/ethyl acetate = 5/1 as the eluent) to give the title optically active compound 56 (opticall active 3,3'-bis(3,4,5- 
trifluorophenyl)-4,5,6,4',5',6'-hexaethoxydiphenate dimethyl ester) (1.83 g, 2.26 mmol /yield: 78%). The NMR spectrum 
of the obtained optically active compound 56 is shown in Table 25. 

Table 25 

NMR spectrum of optically active compound 56 

400 MHz 1 H NMR (CDCI 3 ): 8 6.89 (4H, m, Ar-H), 4.27-3.89 (12H, m, OCH 2 ), 3.25 (6H, s, C0 2 CH 3 ) 1 .41 (6H, t, J= 
7.1 Hz, CH 3 ), 1.11 (12H, m, CHg). 



<Reference Example 23: Synthesis of starting material (optically active compound 57) for synthesizing quaternary am- 
monium salt> 




F F 

Optically active compound 56 Optically active compound 57 

[0221] LiAIH 4 (0.43 g, 1 1.3 mmol) was added to a solution of the optically active compound 56 obtained in Reference 
Example 22 (1.83 g, 2.26 mmol) in CPME (18 mL) at-10°C. The reaction mixture was stirred at 0°C for four hours, and 
then 1 N cold HCI was added carefully. Ethyl acetate was added to the reaction mixture. After separation, and then the 
organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The title optically actively compound 
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57 (optically active 3,3'-bis(3,4,5-trifluorophenyl)-4,5,6,4',5',6'-hexaethoxybiphenyl-2,2'-dimethanol) (1 .72 g, 2.26 mmol) 
was obtained in a quantitative yield. The NMR spectrum of the obtained optically active compound 57 is shown in Table 26. 

Table 26 

NMR spectrum of optically active compound 57 

400 MHz 1H NMR (CDCI 3 ) 5 7.12 (4H, m, Ar-H), 4.17-3.73 (1 6H, m, OCH 2 , ArCH 2 ), 3.28 (2H, s, OH), 1 .40 (6H, t, J 
= 7.1 Hz, CH 3 ), 1.10 (12H, m, CH 3 ). 



<Reference Example 24: Synthesis of starting material (optically active compound 58) for synthesizing quaternary am- 
monium salt> 

[0222] 




Optically active compound 57 Optically active compound 58 



[0223] Phosphorus tribromide (0.64 mL, 7.8 mmol) was added to a solution of the optically active compound 57 
obtained in Reference Example 23 (1.72 g, 2.26 mmol) in CPME (18 mL) at 0°C. The reaction mixture was stirred at 
0°C for two hours, then a saturated NaHC0 3 solution was added. The mixture was extracted with ethyl acetate. The 
organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The title optically active compound 58 
(optically active 3,3'-bis(3,4,5,-trifluorophenyl)-4,5,6,4',5',6'-hexaethoxybiphenyl-2,2'-dimethyl bromide) (1.95 g, 2.26 
mmol) was obtained in a quantitative yield. The NMR spectrum of the obtained optically active compound 58 is shown 
in Table 27. 

Table 27 

NMR spectrum of optically active compound 58 

400 MHz 1 H NMR (CDCI 3 ) 5 7.02 (4H, m, Ar-H), 4.18-3.91 (1 6H, m, OCH 2 , ArCH 2 Br), 1 .40 (6H, t, J= 7.1 Hz, CH 3 ), 
1.10 (12H, m, CH 3 ). 



<Example 15: Synthesis of quaternary ammonium salt (optically active compound 59)> 
[0224] 
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Optically active compound 58 



Optically active compound 5 



[0225] To a suspension of potassium carbonate (0.375 g, 2.71 mmoi) and the optically active compound 58 obtained 
in Reference Example 24 (1.95 g, 2.26 mmol) in acetonitrile (15 mL), dibutylamine (0.424 mL, 2.49 mmol) was added 
under a nitrogen atmosphere. This reaction mixture was heated at 80°C for three hours, and then poured into water. 
The mixture was extracted with ethyl acetate. The organic layer was dried over Na 2 S0 4 and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (with methanol/toluene = 1/5 as the eluent) to 
give the title optically active quaternary ammonium bromide (optically active compound 59) (1 .32 g, 1 .45 mmol / yield: 
64%). The NMR spectrum of the obtained optically active compound 59 is shown in Table 28. 

Table 28 



NMR spectrum of optically active compound 59 obtained in Example 15 



400 MHz 1 H NMR (CDCI 3 ) 5 7.26 (2H, m, Ar-H), 7.00 (2H, m, Ar-H), 4.36 (4H, m, OCH 2 ), 4.16-4.04 (8H, m, OCH 2 ), 
3.95 (2H, d, J= 12.8 Hz, ArCH 2 N), 3.76 (2H, d, J= 12.8 Hz, ArCH 2 N), 3.04 (2H, m, NCH 2 ), 2.77 (2H, m, NCH 2 ), 1 .45 
(6H, t, J= 7.0 Hz, CH 3 ), 1.18-1.07 (18H, m, CH 2 , CH 3 ), 0.76 (6H, m, CH 3 ), 0.23 (2H, m, CH 2 ). 



<Reference Example 25: Synthesis of starting material (compound 61) for synthesizing quaternary ammonium salt> 




[0227] Potassium carbonate (63.31 g, 400 mmol) and benzyl bromide (59.47 mL, 500 mmol) were added to a solution 
of 3,4,5-trihydroxybenzoate methyl ester (compound 60) (18.41 g, 100 mmol) in DMF (70 mL). This reaction mixture 
was stirred at 120°C for seven hours, and then poured into water. The mixture was extracted with ethyl acetate. The 
organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The title compound 61 (3,4,5-triben- 
zyloxybenzoate methyl ester) (47.19 g) was obtained in a quantitative yield. The NMR spectrum of compound 61 is 
shown in Table 29. 



Table 29 



NMR spectrum of compound 61 

400 MHz 1 H NMR (CDCI 3 ) 5 7.45-7.24 (17H, m, Ar-H), 5.14 (4H, s, ArCH 2 0), 5.11 (2H, s, ArCH 2 0), 3.89 (3H, s, 
C0 2 CH 3 ). 
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<Reference Example 26: Synthesis of starting material (compound 62) for synthesizing quaternary ammonium salt> 
[0228] 



C0 2 Me- 



Br 2 



CH 3 CN 



C0 2 Me 



BnO Br 
62 



[0229] Bromine (20.5 mL, 400 mmol) was added dropwise to a solution of the compound 61 that was obtained in 
Reference Example 25 (47.19 g, 100 mmol) in CH 3 CN (300 mL) at -10°C. This solution was stirred at 0°C for five hours 
and then a saturated aqueous Na 2 S0 3 solution was added thereto. After extraction with ethyl acetate, the organic layer 
was washed with saturated saline, dried over Na 2 S0 4 , and concentrated under reduced pressure. The title compound 
62 (2-bromo-3,4,5-tribenzyloxybenzoate methyl ester) (53.5 g, 100 mmol) was obtained in a quantitative yield. The NMR 
spectrum of compound 62 is shown in Table 30. 

Table 30 



R spectrum of compound 62 



400 MHz 1 H NMR (CDCI 3 ) 8 7.45-7.24 (1 6H, m, Ar-H), 5.05 (6H, m, ArCH 2 0), 3.99 (3H, s, C0 2 CH 3 ). 



<Reference Example 27: Synthesis of starting material (compound 64) for synthesizing quaternary ammonium salt> 
[0230] 



OBn 




OBn 



BnO^/^ 
MeOH jf 
C0 2 Me NaOHaq. BnO x y^ CQ 2 |H 
.C0 2 Me BnO,J\X0 2 H 

" " XT 

BnO^^ 
OBn OBn 
63 64 



[0231] Under an argon atmosphere, activated Cu powder (1 2.71 g, 200 mmol) was added to a solution of the compound 
62 obtained in Reference Example 26 (53.5 g, 1 00 mmol) in DMF (300 mL). After deaeration, this mixture was heated 
at a gentl reflux. After six hours of heating under reflux, the reaction mixture was filtered, 1 N HCI solution was added 
to the filtrate. The mixture was extracted with ethyl acetate. The organic layer was washed with saturated saline, dried 
over Na 2 S0 4 , and then concentrated under reduced pressure. A mixture of the coupling product (compound 63) and a 
debrominated byproduct was obtained. This was used as is in the following process without further purification. 
[0232] To a solution of the compound 63 obtained above in methanol (300 mL) was added 8 N KOH solution (90 mL) 
dropwise. The reaction mixture was refluxed forfive hours and then the methanol was removed under reduced pressure. 
To the residue were added methanol (100 mL) and water (200 mL). The mixture was then acidified with concentrated 
hydrochloric acid. The precipitated crystals were filtered off, washed with water, and dried. The title compound 64 
(4,5,6,4',5',6'-hexabenzyloxydiphenicacid) was obtained (17.63 g, 20.05 mmol/yield: 40%). The NMRspectrum of the 
obtained compound 64 is shown in Table 31 . 



EP 1 870 403 A1 



Table 31 



NMR spectrum of compound 64 

400 MHz 1H NMR (CDCI 3 ) 5 7.63 (2H, s, Ar-H), 7.49 (4H, d, J= 6.9 Hz, Ar-H), 7.41-7.22 (18H, m, Ar-H), 7.05 (6H, 
5 m, Ar-H), 6.81 (2H, d, J= 6.4 Hz, Ar-H), 5.25 (2H, d, J= 11.4 Hz, ArCH 2 0), 5.15 (2H, d, J= 11.3 Hz, ArCH 2 0) 
4.98-4.93 (6H, m, ArCH 2 0) 4.74 (2H, d, J= 11.2 Hz, ArCH 2 0). 



<Reference Example 28: Synthesis of starting material (optically active compound 64) for synthesizing quaternary am- 
monium salt> 

10 




[0234] Quinidine (12.55 g, 38.7 mmol) was added to a solution of the compound 64 obtained in Reference Example 
27 (17.0 g, 19.3 mmol) in 92% aqueous methanol (370 mL). The reaction mixture was refluxed for one hour and then 
cooled slowly to 0°C. The precipitated crystals were collected by filtration and washed with the 92% aqueous methanol 
and then dried to give a bisquinidine salt of 4,5,6, 4',5',6'-hexabenzyloxydiphenic acid (7.3 g). This was recrystalized 
from methanol (100 mL). The crystals were collected by filtration , washed with methanol, and dried to give the bisquinidine 
salt of 4,5,6,4',5',6'-hexabenzyloxydiphenic acid (3.29 g). Ethyl acetate (30 mL) and 1 N HCI aqueous solution (50 mL) 
were added thereto, and the mixture was stirred at room temperature for one hour. The mixture was extracted with ethyl 
acetate and dried over Na 2 S0 4 and concentrated under reduced pressure to give the title optically active compound 64 
(optically active 4,5,6,4',5',6'-hexabenzyloxydiphenic acid) (2.00 g, 2.27 mmol / yield: 11%). 

[0235] The enantiomeric excess was analyzed by HPLC (Daicel Chiralcel AD-H, hexane/2-propanol/TFA= 93:7:0.1, 
flow rate 0.6 mL/min, retention time: 35. 1 min (major), 54.4 min (minor)). The optical purity of the optically active compound 
64 was 99% ee. 



<Reference Example 29: Synthesis of starting material (optically active compound 63) for synthesizing quaternary am- 



OBn 

BnO^/L BnO^ 

T 1 Mel 
BnO'^i^CO ? H K 2 CQ 3| B nO 
BnCX_^/C0 2 H aC etone Bn0 \ 




C0 2 Me 
^C0 2 Me 



OEt 

Optically active compound 64 



BnO 

OBn 

Optically active compound 6 



97 
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[0237] Potassium carbonate (2.62 g, 1 9 mmol) and methyl iodide (4.04 g, 28.4 mmol) were added to a solution of the 
optically active compound 64 obtained in Reference Example 28 (2.40 g, 4.74 mmol) in acetone (24 mL). This reaction 
mixture was heated under reflux for five hours, and then a saturated NaHC0 3 solution was added to the reaction mixture. 
The mixture was extracted with ethyl acetate. The organic layer was dried over Na 2 S0 4 and concentrated under reduced 
5 pressure. The title optically active compound 63 (optically active 4,5,6,4',5',6'-hexabenzyloxydiphenate dimethyl ester) 
(1 .55 g, 2.90 mmol /yield:61 %) was obtained. The NMR spectrum of the obtained optically active compound 63 is shown 
in Table 32. 

Table 32 

NMR spectrum of optically active compound 63 
400 MHz 1 H NMR (CDCI 3 ) 8 7.54 (2H, s, Ar-H), 7.50 (4H, d, J= 6.7 Hz, Ar-H), 7.41-7.1 1 (22H, m, Ar-H), 6.86 (4H, 
d, J= 6.2 Hz, Ar-H), 5.20 (4H, d, J =4.9 Hz, ArCH 2 0), 5.15 (4H, d, J= 4.1 Hz, ArCH 2 0), 4.89 (2H, d, J= 11.2 Hz, 
ArCH 2 0), 4.76 (2H, d, J= 11.1 Hz, ArCH 2 0), 3.58 (6H, s, C0 2 CH 3 ). 



<Reference Example 30: Synthesis of starting material (optically active compound 65) for synthesizing quaternary am- 
monium salt> 



OBn OBn 
BnO X C0 2 Me Br 2 BnO y C0 2 Me 



BnO. 
BnO 



^.C0 2 Me 



CH 3 CN 



BnO. 



/C0 2 Me 



OBn 

Optically active compound 63 



BnO Br 
OBn 

Optically active compound 65 



[0239] Bromine (1 .40 mL, 27.2 mmol) was added dropwise to a solution of the optically active compound 63 obtained 
in Reference Example 29 (2.06 g, 2.27 mmol) in CH 3 CN (50 mL) at -10°C. The reaction mixture was stirred at 0°C for 
three hours and then poured into a saturated aqueous Na 2 S0 3 solution. The mixture was extracted with ethyl acetate. 
The combined organic layer was washed with saturated saline and concentrated under reduced pressure. The residue 
was purified by silica gel column chromatography (with hexane/ethyl acetate = 5/1 as the eluent) to give the title optically 
active compound 65 (optically active S.S'-dibromo^.S.e^'.S'.ff-hexabenzyloxydiphenate dimethyl ester) (0.19 g, 0.178 
mmol / yield: 7.9%). The NMR spectrum of the obtained optically active compound 65 is shown in Table 33. 



NMR spectrum of optically active compound 65 



400 MHz 1 H NMR (CDCI 3 ) 5 7.52 (4H, d, J = 2.1 Hz, Ar-H), 7.50-7.15 (22H, m, Ar-H), 6.94 (4H, m, Ar-H), 5.12-4.8 
(12H, m, Ar-H), 3.68 (6H, s, C0 2 CH 3 ). 



<Reference Example 31 : Synthesis of starting material (optically active compound 66) for synthesizing quaternary am- 
50 monium salt> 



[0240] 
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F 




[0241] A mixture of the optically active compound 65 obtained in Reference Example 30 (0.19 g, 0.178 mmol), 3,4,5- 
trifluorophenylboronic acid (94 mg, 0.53 mmol), palladium acetate (8.0 mg, 0.036 mmol), tri-o-tolylphosphine (43 mg, 
0.142 mmol), sodium methoxide (29 mg, 0.53 mmol), and DME (5 ml_) was stirred with heating at 85°C under an argon 
atmosphere. The disappearance of the starting material was confirmed by TLC. The suspension was filtered and the 
filtrate was concentrated under reduced pressure. The residue was purified by silica gel column chromatography (hexane/ 
ethyl acetate = 5/1 as eluent) to give the title optically active compound 66 (optically active 3,3'-bis(3,4,5-trifiuorophenyl)- 
4,5,6,4',5',6'-hexabenzyloxydiphenate dimethyl ester) (0.15 g, 0.129 mmol / yield: 72%). The NMR spectrum of the 
obtained optically active compound 66 is shown in Table 34. 

Table 34 

NMR spectrum of optically active compound 66 

400 MHz 1 H NMR (CDCI 3 ): 8 7.36-7.21 (22H, m, Ar-H), 7.05-6.96 (8H, m, Ar-H), 6.65 (4H, m, Ar-H), 5.21 (2H, d, J 
= 1 1 .2 Hz, ArCH 2 0), 5.1 0 (4H, dd, J= 1 0.8 Hz, J= 3.4 Hz, ArCH 2 0), 4.96 (4H, dd, J= 1 0.7 Hz, J = 2.5 Hz, ArCH 2 0), 
4.84 (2H, d, J= 10.8 Hz, ArCH 2 0), 3.27 (6H, s, C 0 2 CH 3 ). 



<Reference Example 32: Synthesis of starting material (optically active compound 67) for synthesizing quaternary am- 
monium salt> 

[0242] 




Optically active compound 66 °P^V ^tive compound 67 



[0243] LiAIH 4 (36 mg, 0.9 mmol) was added to a solution of the optically active compound 66 obtained in Reference 
Example 31 (150 mg, 0.129 mmol) in CPME (5 mL) at -10°C. The reaction mixture was stirred at 0°C for three hours, 
and then 1 N cold HCI was added carefully. The mixture was extracted with ethyl acetate. The organic layer was dried 
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over Na 2 S0 4 and concentrated under reduced pressure. The title optically active compound 67 (optically active 3,3'-bis 
(3,4,5-trifluorophenyl)-4,5,6,4',5',6'-hexabenzyloxybiphenyl-2,2'-dimethanol) (149 mg, 0.129 mmol) was obtained in a 
quantitative yield. The NMR spectrum of the obtained optically active compound 67 is show in Table 35. 

Table 35 

NMR spectrum of optically active compound 67 

400 MHz 1 H NMR (CDCI 3 ) : 6 7.37-7.24 (22H, m, Ar-H), 7.04-6.87 (1 OH, m, Ar-H), 6.77 (2H, m, Ar-H), 5.12-5.01 (8H, 
m, ArCH 2 0), 4.86-4.81 (4H, dd, J= 1 1 .0 Hz, J= 7.0 Hz, ArCH 2 0), 4.07 (2H, d, J= 11 .4 Hz, ArCH 2 0),3.97 (2H, d, J 
= 11.4 Hz, ArCH 2 0). 



<Reference Example 33: Synthesis of starting material (optically active compound 68) for synthesizing quaternary am- 
monium salt> 

[0244] 




Optically active compound 67 Optically active compound 68 



[0245] Phosphorus tribromide (0.034 mL, 0.54 mmol) was added to a solution of the optically active compound 67 
obtained in Reference Example 32 (100 mg, 0.09 mmol) in CPME (3 mL) at 0°C. The reaction mixture was stirred at 
0°C for four hours. A saturated aqueous NaHC0 3 solution was then added, and the mixture was extracted with ethyl 
acetate. The organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The title optically active 
compound 68 (optically active 3,3'-bis(3,4,5-trifluorophenyl)-4,5,6,4',5',6'-hexabenzyloxybiphenyl-2,2'- dimethyl bro- 
mide) (69 mg, 0.056 mmol /yield: 62%) was obtained. The NMR spectrum of the obtained optically active compound 68 
is shown in Table 36. 



Table 36 



NMR spectrum of optically a 


ctive compound 68 




400 MHz 1 H NMR (CDCI 3 ): 5 7.34-7.23 (22H, m, Ar-H), 6.98 (8 
(2H, d, J= 1 1 .9 Hz, ArCH 2 ), 5.07-5.00 (6H, m, ArCH 2 ), 4.93-4 


H, d, J=6.5 Hz, Ar-H), 
86 (4H, m, ArCH 2 ), 3.9 


3.82-6.71 (4H,m, Ar-H), 5.18 
6 (4H, m, ArCH 2 ). 



<Example 16: Synthesis of quaternary ammonium salt (optically active compound 69)> 
[0246] 
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\ Bu 
N© e Bi 



Optically active compound 68 Optically active compound 69 



[0247] Dibutylamine (0.01 1 mL, 0.062 mmol) was added to a suspension of potassium carbonate (12 mg, 0.084 mmol) 
and the optically active compound 68 obtained in Reference Example 33 (69 mg, 0.056 mmol) in acetonitrile (3 mL) 
under a nitrogen atmosphere. This reaction mixture was heated at 80°C for three hours, and then poured into water. 
The mixture was extracted with ethyl acetate. The organic layer was dried over Na 2 S0 4 and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (methanol/toluene = 1/5 as eluent) to give the 
title optically active quaternary ammonium bromide (optically active compound 69) (71 mg, 0.055 mmol / yield: 98%). 
The NMR spectrum of the optically active compound 69 obtained in this example is shown in Table 37. 

Table 37 



NMR spectrum of optically active compound 69 obtained in Example 16 



400 MHz 1H NMR (CDCIg) 5 7.45-7.13 (28H, m, Ar-H), 6.96 (4H, m, Ar-H), 6.61 (2H, m, Ar-H), 5.34 (2H, d, J= 1 1.1 
Hz, ArCH 2 0), 5. 1 8 (4H, s, ArCH 2 0), 5.1 1 (2H, d, J = 1 1 .2 Hz, ArCH 2 0), 4.98 (4H, dd, J= 4.2, 6.9 Hz, ArCH 2 0), 3.98 
(2H, d, J= 13.5 Hz, ArCH 2 N), 3.60 (2H, d, J= 13.5 Hz, ArCH 2 N), 2.87 (2H, m, NCH 2 ), 2.61 (2H, m, NCH 2 ), 1.15-1 .00 
(6H, m, CH 2 ), 0.75 (6H, t, J= 7.0 Hz, CH 3 ), 0.21 (2H, m, CH 2 ). 



<Reference Example 34: Synthesis of starting material (compound 71 ) for synthesizing quaternary ammonium salt> 
[0248] 




•C0 2 Me 



[0249] Potassium carbonate (4.15 g, 30 mmol) and methyl iodide (5.60 ml, 90 mmol) were added to a solution of 3,5- 
dimethyl-4-methoxybenzoic acid (compound 70) (2.70 g, 1 5 mmol) in acetone (27 mL). This reaction mixture was refluxed 
for five hours, and then poured into water. The mixture was extracted with ethyl acetate. The organic layer was dried 
over Na 2 S0 4 and concentrated under reduced pressure. The title compound 71 (3,5-dimethyl-4-methoxybenzoate methyl 
ester) (2.91 g) was obtained in a quantitative yield. The NMR spectrum of the compound 71 is shown in Table 38. 

Table 38 
NMR spectrum of compound 61 
400MHz 1 HNMR(CDCI 3 )57.71 (2H,s, Ar-H), 3.88 (3H,s,OCH 3 ), 3.75 (6H,s,OCH 3 ), 2.31 (6H,s,CH 3 ). 
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<Reference Example 35: Synthesis of starting material (compound 72) for synthesizing quaternary ammonium salt> 



Br 2 



C0 2 Me CH 3 CN 



MeO-k ^-C0 2 Me 



[0251] Bromine (6.15 mL, 120 mmol) was added dropwise to a solution of the compound 71 obtained in Reference 
Example 34 (2.91 g, 15 mmol) in CH 3 CN (30 mL) at -10°C. This solution was stirred at room temperature for five hours 
and then a saturated aqueous Na 2 S0 3 solution was added thereto. After extraction with ethyl acetate, the organic layer 
was dried over Na 2 S0 4 and concentrated under reduced pressure. The title compound 72 (2-bromo-3,5-dimethyl-4- 
methoxybenzoate methyl ester) (4.1 0 g, 1 5 mmol) was obtained in a quantitative yield. The NMR spectrum of compound 
72 is shown in Table 39. 

Table 39 
NMR spectrum of compound 72 



400 MHz 1 H NMR (CDCI 3 ) 5 7.41 (1 H, s, Ar-H), 3.91 (3H, s, OCH 3 ), 3.71 (3H, s, OCH 3 ), 2.40 (3H, s, CH 3 ), 2.26 (3H, 
s, CH 3 ). 



<Reference Example 36: Synthesis of starting material (compound 73) for synthesizing quaternary ammonium salt> 
[0252] 



MeO— & j>-C02Me- 




[0253] Under an argon atmosphere, activated Cu powder (3.81 g, 60 mmol) was added to a solution of the compound 
72 obtained in Reference Example 35 (4.10 g, 15 mmol) in DMF (25 mL). After deaeration, this was heated to a gentl 
reflux. After four hours of heating under reflux, the reaction mixture was filtered. Then, 1 N HCI solution was added to 
the filtrate and the mixture was extracted with ethyl acetate. The organic layer was washed with saturated saline, dried 
over Na 2 S0 4 , and then concentrated under reduced pressure. The residue was purified by silica gel column chroma- 
tography (hexane/ethyl acetate = 5/1 as eluent) to give the title compound 73 (4,6,4',6'-tetramethyl-5,5'-dimethoxy- 
diphenate dimethyl ester) (2.27 g, 5.87 mmol / yield: 78%). The NMR spectrum of the obtained compound 73 is shown 
in Table 40. 
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Table 40 
NMR spectrum of compound 73 
400 MHz 1 H NMR (CDCI 3 ) 5 7.72 (2H, s, Ar-H), 3.75 (6H, s, OCH 3 ). 3.56 (6H, s, OCH 3 ), 2.36 (6H, s, CH 3 ), 1 .80 (6H, 
S, CH 3 ). 



<Reference Example 37: Synthesis of starting material (compound 74) for synthesizing quaternary ammonium salt> 
[0254] 




[0255] To a solution of the compound 73 obtained in Reference Example 36 (0.43 g, 1.1 mmol) in methanol (10 mL), 
8 N KOH aqueous solution (4 mL) was added dropwise. The reaction mixture was refluxed for five hours, and then the 
methanol was removed under reduced pressure. To the residue was added 2 N hydrochloric acid tuntil the mixture 
turned acidic. The mixture was extracted with ethyl acetate. The organic layer was dried over Na 2 S0 4 , and then con- 
centrated under reduced pressure. The title compound 74 (4,6,4',6'-tetramethyl-5,5'-dirnethoxydiphenic acid) (0.39 g, 
1 .1 mmol) was obtained in quantitative yield. The NMR spectrum of the obtained compound 74 is shown in Table 41 . 

Table 41 
NMR spectrum of compound 74 
400 MHz 1 H NMR (CDCIg) 67.72 (2H, s, Ar-H), 3.72 (6H, s, OCH 3 ), 2.36 (6H, s, CH 3 ), 1 .75 (6H, s, CH 3 ). 



<Reference Example 38: Synthesis of starting material (optically active compound 74) for synthesizing quaternary am- 
monium salt> 

[0256] 




74 Optically active compound 74 

[0257] Quinidine (0.71 g, 38.7 mmol) was added to a solution of the compound 74 obtained in Reference Example 
37 (0.39 g, 1.1 mmol) in ethyl acetate (4 mL). The reaction mixture was refluxed for one hour and then cooled slowly to 
0°C. The precipitated crystals were collected by filtration, washed with ethyl acetate and dried to give the bisquinidine 
salt of 4,6,4',6'-tetramethyl-5,5'-dimethoxydiphenic acid (0.50 g). Ethyl acetate (10 mL) and 1 N HCI aqueous solution 
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(20 mL), were added thereto and the mixture was stirred at room temperature for one hour. The mixture was extracted 
with ethyl acetate and the organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure to give the 
title optically active compound 74 (optically active 4,6,4', 6'-tetramethyl-5,5'-dimethoxydiphenic acid) (0.16 g, 0.45 mmol 
/yield: 41%). 

[0258] The enantiomeric excess was analyzed by HPLC (Daicel Chiralcel AD-H, hexane/2-propanol/TFA = 95:5:0.1, 
flow rate 0.7 mL/min, retention time: 1 6.6 min (minor), 34.1 min (major)). The optical purity of the optically active compound 
74 was 99% ee. 

<Reference Example 39: Synthesis of starting material (optically active compound 75) for synthesizing quaternary am- 
monium salt> 




Optically active compound 74 Optically active compound 73 Optically active compound 75 



[0260] Potassium carbonate (247 mg, 1 .79 mmol) and methyl iodide (556 |xL, 8.92 mmol) were added to a solution 
of the optically active compound 74 obtained in Reference Example 38 (0.16 g, 0.45 mmol) in acetone (5 mL). This 
reaction mixture was heated under reflux for five hours, and then a saturated NaHC0 3 solution was added to the reaction 
mixture. Extraction was then performed with ethyl acetate. The organic layer was dried over Na 2 S0 4 and concentrated 
under reduced pressure. The optically active compound 73 (optically active4,6, 4', 6'-tetramethyl-5,5'-dimethoxydiphenate 
dimethyl ester) (0.17 g, 0.45 mmol) was obtained in a quantitative yield. 

[0261] Bromine (458 |j,L, 8.92 mmol) was added dropwise to a solution of the optically active compound 73 obtained 
above (0.17 g, 0.45 mmol) in CH 3 CN (5 mL) at 0°C. The reaction mixture was stirred at room temperature for five hours 
and then poured into a saturated aqueous Na 2 S0 3 solution and the mixture was extracted with ethyl acetate. The organic 
layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The title optically active compound 75 (optically 
active 3,3'-dibromo-4,6,4',6'-tetramethyl-5,5'-dimethoxydiphenate dimethyl ester) (0.24 g, 0.45 mmol) was obtained in 
a quantitative yield. The NMR spectrum of the obtained optically active compound 75 is shown in Table 42. 



Table 42 



NMR spectrum of optic 


ally active compound 75 


400 MHz 1 H NMR (CDCIg) 83.71 (6H, s, OCH 3 ), 3.5 


9 (6H, s, OCH 3 ), 2.42 (6H, s, CH 3 ), 1 .90 (6H, s, CH 3 ). 



<Reference Example 40: Synthesis of starting material (optically active compound 76) for synthesizing quaternary am- 
monium salt> 

[0262] 
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C0 2 Me 3,4,5,-F 3 -C 6 H 2 -B(OH)2 
C °2 Me Pd cat 



MeO Y Br 
Optically active compound 75 



C0 2 Me 
C0 2 Me 



MeO' 

Optically active compound 76 |L 



[0263] A mixture of the optically active compound 75 obtained in Reference Example 39 (0.24 g, 0.45 mmol), 3,4,5- 
trifluorophenylboronic acid (236 mg, 1.34 mmol), palladium acetate (20 mg, 0.089 mmol), tri-o-tolylphosphine (109 mg, 
0.36 mmol), sodium methoxide (72 mg, 1 .34 mmol), and DME (4 mL) was stirred with heating at 85°C under an argon 
atmosphere. The disappearance of the starting material was confirmed by TLC, and then the suspension was filtered. 
To the filtrate was added a 1 N HCI solution, and the mixture was extracted with ethyl acetate. The organic layer was 
washed with saturated saline, dried over Na 2 S0 4 , and then concentrated under reduced pressure. The residue was 
purified by silica gel column chromatography (hexane/ethyl acetate = 15/1 as eluent) to give the title optically active 
compound 76 (optically active 3,3'-bis(3,4,5-trifluorophenyl)-4,6,4\6'-tetramethyl-5,5'-dimethoxy diphenate dimethyl es- 
ter) (184 mg, 0.285 mmol / yield: 64%). The NMR spectrum of the obtained optically active compound 76 is shown in 
Table 43. 

Table 43 



NMR spectrum of optically active compound 76 



400 MHz 1H NMR (CDCI 3 ) 5 6.84 (4H, m, Ar-H), 3.76 (6H, s, OCH 3 ), 3.21 (6H, s, OCH 3 ), 2.36 (6H, S, CH 3 ), 1.8 
(6H, S, CH 3 ). 



<Reference Example 41 : Synthesis of starting material (optically active compound 77) for synthesizing quaternary am- 
monium salt> 




Optically active compound 76 



Optically active compound 77 



[0265] LiAIH 4 (54 mg, 1 .42 mmol) was added to a solution of the optically active compound 76 obtained in Reference 
Example 40 (184 mg, 0.285 mmol) in CPME (3 mL) at -10°C. The reaction mixture was stirred at 0°C for three hours, 
and then 1 N cold HCI was added carefully, and the mixture was extracted with ethyl acetate. The organic layer was 
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dried over Na 2 S0 4 and concentrated under reduced pressure. The title optically active compound 77 (optically active 
3,3'-bis(3,4,5-trifluorophenyl)-4,6,4',6'-tetramethyl-5,5'-dimethoxybiphenyl-2,2'-dimethanol) (168 mg, 0.285 mmol) was 
obtained in a quantitative yield. The NMR spectrum of the obtained optically active compound 77 is shown in Table 44. 

Table 44 

NMR spectrum of optically active compound 77 

400 MHz 1 H NMR (CDCI 3 ) 6 7.06 (2H, m, Ar-H), 6.82 (2H, m, Ar-H), 3.93 (4H, s, ArCH 2 0), 3.73 (6H, s, OCH 3 ), 3.27 
(2H, s, OH), 2.02 (6H, s, CH 3 ), 1.83 (6H, s, CH 3 ). 



<Reference Example 42: Synthesis of starting material (optically active compound 78) for synthesizing quaternary am- 
monium salt> 




F F 
Optically active compound 77 Optically active compound 78 



[0267] Phosphorus tribromide (0.134 mL, 1 .42 mmol) was added to a solution of the optically active compound 77 
obtained in Reference Example 41 (168 mg, 0.285 mmol) in CPME (3 mL) at 0°C. The reaction mixture was stirred at 
0°C for four hours. A saturated aqueous NaHC0 3 solution was then added and the mixture was extracted with ethyl 
acetate. The organic layer was dried over Na ? S0 4 and concentrated under reduced pressure. The title optically active 
compound 78 (optically active 3,3'-bis(3,4,5,-trifluorophenyl)-4,6,4',6'-tetramethyl-5,5'-dimethoxybiphenyl-2,2'-dimethyl 
bromide) (204 mg, 0.285 mmol) was obtained in a quantitative yield. The NMR spectrum of the obtained optically active 
compound 78 is shown in Table 45. 

Table 45 

NMR spectrum of optically active compound 78 

400 MHz 1 H NMR (CDCI 3 ) 5 6.96 (4H, m, Ar-H), 3.91 (2H, d, J= 1 0.0 Hz, ArCH 2 Br), 3.83 (2H, d, J= 1 0.0 Hz, ArCH 2 Br), 
3.78 (6H, s, OCH 3 ), 2.02 (12H, s, CH 3 ). 



<Example 17: Synthesis of quaternary ammonium salt (optically active compound 79)> 
[0268] 
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Optically active compound 78 



Optically active compound 79 



[0269] Dibutylamine (0.0728 mL, 0.427 mmol) was added to a suspension of potassium carbonate (157 mg, 1.14 
mmol) and the optically active compound 78 obtained in Reference Example 42 (204 mg, 0.285 mmol) in acetonitrile (3 
mL) under a nitrogen atmosphere. This reaction mixture was heated at 80°C for three hours. Then, this was poured into 
water, and then the mixture was extracted with ethyl acetate. The organic layer was dried over Na 2 S0 4 and concentrated 
under reduced pressure. The residue was purified by silica gel column chromatography (methanol/ethyl acetate = 1/5 
as eluent)to give the title optically active quaternary ammonium bromide (optically active compound 79) (132 mg, 0.173 
mmol /yield: 61%). The NMR spectrum of the optically active compound 79 that was obtained in this example is shown 
in Table 46. 



Table 46 



NMR spectrum of optically active compound 79 obatined in Example 17 



400 MHz 1H NMR (CDCIg) 5 7.24 (2H, m, Ar-H), 6.97 (2H, m, Ar-H), 4.19 (2H, d, J= 13.5 Hz, ArCH 2 N), 3.88 (6H, s, 
OCH 3 ), 3.80 (2H, d, J= 13.6 Hz, ArCH 2 N), 2.93 (2H, m, NCH 2 ), 2.66 (2H, m, NCH 2 ), 2.13 (6H, s, CH 3 ), 2.12 (6H, s, 
CH 3 ), 1.15-1 .00 (6H, m, CH 2 ), 0.81 (6H, t, J= 6.7 Hz, CH 3 ), 0.38 (2H, m, CH 2 ). 



<Example 18: Synthesis of quaternary ammonium salt (compound (R)-80)> 
[0270] 




I Br (Ci 8 H 5 7) 2 NH 
' " ' K 2 C0 3 MeO" 



CH3CN MeCX 



\ P18H37 
C18H37 



(*)-80 f 



[0271] Dioctadecylamine (104 mg, 0.2 mmol) was added to a suspension of potassium carbonate (55 mg, 0.4 mmol) 
and the compound (R)-48 obtained in Reference Example 15 (156 mg, 0.2 mmol) in acetonitrile (5 mL) under a nitrogen 
atmosphere. This reaction mixture was heated at 80°C forten hours. Then, this was poured into water and the mixture 
was extracted with ethyl acetate. The organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. 
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The residue was purified by silica gel column chromatography (methanol/toluene = 1/5 as eluent) to give the title optically 
active quaternary ammonium bromide (compound (R)-80) (R-form) (200 mg, 0. 1 64 mmol/yield: 82%). The NM R spectrum 
of the obtained compound (R)-80 is shown in Table 47. 

Table 47 

NMR spectrum of compound (R)-80 obtained in Example 18 

400 MHz 1 H NMR (CDCI 3 ) 5 7.26 (2H; s, Ar-H), 7.00 (2H, s, Ar-H), 4.30 (2H, d, J= 13.4 Hz, ArCH 2 N), 4.03 (6H, s, 
OCH 3 ), 3.93 (6H, s, OCH 3 ), 3.87 (2H, d, J= 13.4 Hz, ArCH 2 N), 3.75 (6H, s, OCH 3 ), 2.84 (4H, m, NCH 2 ), 1.30-1 .03 
(62H, m, CH 2 ), 0.88 (6H, t, J= 7.0 Hz, CH 3 ), 0.23 (2H, m, CH 2 ). 



<Example 19: Synthesis of quaternary ammonium salt (compound (R,R)-82)> 
[0272] 




[0273] To a suspension of potassium carbonate (207 mg, 1.5mmol) and the compound (R)-48 obtained in Reference 
Example 15 (390 mg, 0.5 mmol) in acetonitrile (20 mL), (R)-3,5-dihydro-4H-dinaphth [2,1-c:1'2'-e]azepine (compound 
(R)-81) (148 mg, 0.5 mmol) was added under a nitrogen atmosphere. This reaction mixture was heated at 80°Cfortwo 
hours. Then, this was poured into water and then the mixture was extracted with ethyl acetate. The organic layer was 
dried over Na 2 S0 4 and concentrated under reduced pressure. The residue was purified by silica gel column chroma- 
tography (methanol/toluene = 1/4 as eluent) to give the title optically active quaternary ammonium bromide (compound 
(R,R)-82) (R, R-form) (0.48 g, 0.48 mmol / yield: 96%). The NMR spectrum of the obtained compound (R,R)-82 is shown 
in Table 48. 



Table 48 

NMR spectrum of compound (R,R)-82 obtained in Example 19 
400 MHz 1 H NMR (CDCI 3 ) 5 7.92 (2H, d, J= 8.2 Hz, Ar-H), 7.56-7.49 (4H, m, Ar-H), 7.27-7 '.10 (6H, m, Ar-H), 6.79 
(2H, m, Ar-H), 6.46 (2H, d, J= 8.4 Hz, Ar-H), 4.63 (2H, d, J= 13.7 Hz, ArCH 2 N), 4.41 (4H, t, J= 14.0 Hz, ArCH 2 N), 
4.10 (6H, s, OCH 3 ), 3.90 (6H, s, OCH 3 ), 3.75 (6H, s, OCH 3 ), 3.60 (2H, d,J= 13.0 Hz, ArCH 2 N). 



<Example 20: Confirmation of a-benzylation of glycine (90)> 
[0274] 



Ph 2 C=N Nv/ I otBu + R 18 -W 



(S)-40 cat. 

50% KOH aq. ° 



O'Bu 



(20) H R 18 

(21) 
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[0275] A mixture of the compound (S)-40 obtained in Example 13 (1 mol%; phase-transfer catalyst) and benzyl bromide 
(1 .5 equivalents, 36 |xL, 0.3 mmol) as the compound represented by R 1S -W in the above formula was added to a mixture 
of 50% KOH aqueous solution (1 mL) and a toluene solution (1 .5 mL) of N-(biphenylmethylene)glycine tert-butyl ester 
(compound 20) (59.1 mg, 0.2 mmol), and this was stirred vigorously at room temperature under an argon atmosphere. 
Completion of the reaction was confirmed by TLC, and then the reaction mixture was poured into water and the mixture 
was extracted with ether. The organic extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated 
under reduced pressure, and then the residual oil was purified by silica gel column chromatography (ether/hexane = 
1/10 as eluent) to give the corresponding compound 21 ((R)-tert-butyl N-(diphenylmethylene)phenylalanine) (75.6 mg, 
0.1 96 mmol / yield: 98%). The optical purity of the compound 21 obtained in this example was analyzed by HPLC [Daicel 
Chiralcel OD; eluent: hexane/2-propanol = 100/1 , flow rate 0.5 mL/min; retention time: (R)-form = 14.8 min, (S)-form = 
28.2 min]. The optical purity of the compound 21 obtained in this example was 96% ee. 

<Example 21 : Confirmation of a-benzylation of glycine (91 )> 

[0276] 

n < S >" 41 cat - n 

9 1A 50%KOHaq. 9 

Ph 2 C= Nx/ A otBu R 18 -W t0|ueneRT ■ Ph 2 C=N^A otBu 

(20) H R 1S 

(21) 

[0277] Amixture of the compound (S)-41 obtained in Example 14(1 mol%; phase-transfer catalyst) and benzyl bromide 
(1 .5 equivalents, 36 |xL, 0.3 mmol) as the compound represented by R 18 -W in the above formula was added to a mixture 
of 50% KOH aqueous solution (1 mL) and a toluene solution (1 .5 mL) of N-(biphenylmethylene)glycine tert-butyl ester 
(compound 20) (59.1 mg, 0.2 mmol), and this was stirred vigorously at room temperature under an argon atmosphere. 
Completion of the reaction was confirmed by TLC, and then the reaction mixture was poured into water and the mixture 
was extracted with ether. The organic extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated 
under reduced pressure, and then the residual oil was purified by silica gel column chromatography (ether/hexane = 
1/10 as eluent) to give the corresponding compound 21 ((R)-tert-butyl N-(diphenylmethylene)phenylalanine) (76.3 mg, 
0.1 98 mmol / yield: 99%). The optical purity of the compound 21 obtained in this example was analyzed by HPLC [Daicel 
Chiralcel OD; eluent: hexane/2.-propanol = 100/1, flow rate 0.5 mL/min; retention time: (R)-form = 14.8 min, (S)-form = 
28.2 min]. The optical purity of the compound 21 obtained in this example was 96% ee. 

<Example 22: Confirmation of a-benzylation of glycine (92)> 

[0278] 

_ optically active compound 59 cat. _ 
O 48%KOHaq. 0 
Ph 2 C=N X/ >L otBu + R 18 -W Ph 2 C=N l 0 , Bu 

(20) H°" R 18 

(21) 

[0279] A mixture of the optically active compound 59 obtained in Example 15 (0.05 mol%; phase-transfer catalyst) 
and benzyl bromide (1.05 equivalents, 250 |xL, 2.1 mmol) as the compound represented by R 18 -W in the above formula 
was added to a mixture of 48% KOH aqueous solution (6.7 mL) and a toluene solution (6.7 mL) of N-(biphenylmethylene) 
glycine tert-butyl ester (590 mg, 2 mmol), and this was stirred vigorously at 0°C. Completion of the reaction was confirmed 
by TLC, and then the reaction mixture was poured into water and the mixture was extracted with ethyl acetate. The 
organic extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure 
to give (R)-tert-butyl N-(diphenylmethylene) phenylalanine (0.72 g, 1.86 mmol / yield: 93%). The optical purity of the 
obtained (R)-tert-butyl N-(diphenylmethylene)phenylalanine was analyzed by HPLC [Daicel Chiralcel OD-H; eluent: 
hexane/2-propanol = 100/1, flow rate 1 mL/min; retention time: (R)-form = 9.2 min, (S)-form = 15.6 min]. The optical 
purity of the compound 21 obtained in this example was 97% ee. 
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<Example 23: Confirmation of a-benzylation of glycine (93)> 
[0280] 

optically active compound 69 cat. 
9 „ p 48%KOHaq. 9 

Ph 2 C= Nx/ A otBu + R 18 -w toluen6>0 oc " ph 2 c=N ^A 0 t Bu 

(20) H R 18 

(121) 

[0281] A mixture of the optically active compound 69 obtained in Example 16 (0.05 mol%; phase-transfer catalyst) 
and benzyl bromide (1.05 equivalents, 250 |xL, 2.1 mmol) as the compound represented by R 18 -W in the above formula 
was added to a mixture of 48% KOH aqueous solution (6.7 mL) and a toluene solution (6.7 mL) of N-(biphenylmethylene) 
glycine tert-butyl ester (590 mg, 2 mmol), and this was stirred vigorously at 0°C. Completion of the reaction was confirmed 
by TLC, and then the reaction mixture was poured into water and the mixture was extracted with ethyl acetate. The 
organic extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure 
to give (R)-tert-butyl N-(diphenylmethylene) phenylalanine (0.81 g, 1.67 mmol / yield: 84%). The optical purity of the 
(S)-tert-butyl N-(diphenylmethylene)phenylalanine thus obtained was analyzed by HPLC [Daicel Chiralcel OD-H; eluent: 
hexane/2-propanol = 100/1, flow rate 1 mL/min; retention time: (R)-form = 9.2 min, (S)-form = 15.6 min]. The optical 
purity of the compound 121 obtained in this example was 90% ee. 

<Example 24: Confirmation of a-benzylation of glycine (94)> 

[0282] 



optically active compound 79 cat. 
\\ x oia,», 46% KOH aq. 9 
Ph 2 C=N X/ A 0 , Bu + R 8 -W tolueneiQ . c ^ 2 C=NxA otBu 

(20) H R 1B 

(121) 

[0283] A mixture of the optically active compound 79 obtained in Example 17 (0.05 mol%; phase-transfer catalyst) 
and benzyl bromide (1.05 equivalents, 250 ^L, 2.1 mmol) as the compound represented by R 1B -W in the above formula 
was added to a mixture of 48% KOH aqueous solution (6.7 mL) and a toluene solution (6.7 mL) of N-(biphenylmethylene) 
glycine tert-butyl ester (590 mg, 2 mmol), and this was stirred vigorously at 0°C. Completion of the reaction was confirmed 
by TLC, and then the reaction mixture was poured into water and the mixture was extracted with ethyl acetate. The 
organic extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure 
to give (S)-tert-butyl N-(diphenylmethylene) phenylalanine (0.76 g, 1.72 mmol / yield: 86%). The optical purity of the 
obtained (S)-tert-butyl N-(diphenylmethylene)phenylalanine was analyzed by HPLC [Daicel Chiralcel OD-H; eluent: 
hexane/2-propanol = 100/1, flow rate 1 mL/min; retention time: (R)-form = 9.2 min, (S)-form = 15.6 min]. The optical 
purity of the compound 121 obtained in this example was 97% ee. 

<Example 25: Confirmation of a-benzylation of glycine (95)> 

[0284] 
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Ph 2 C=N N Jl otBu 



+ R18. W 



(R)-80 cat. 
48% KOH aq. 




toluene, 0°C 



Ph 2 C=N. 



H R 18 
(121) 



(20) 



[0285] A mixture of the compound (R)-80 obtained in Example 18 (0.05 mol%; phase-transfer catalyst) and benzyl 
bromide (1.05 equivalents, 250|x L, 2.1 mmol) as the compound represented by R 18 -Win the above formula was added 
to a mixture of 48% KOH aqueous solution (6.7 mL) and a toluene solution (6.7 mL) of N-(biphenylmethylene)glycine 
tert-butyl ester (590 mg, 2 mmol), and this was stirred vigorously at 0°C. Completion of the reaction was confirmed by 
TLC, and then the reaction mixture was poured into water and the mixture was extracted with ethyl acetate. The organic 
extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure to give 
(S)-tert-butyl N-(diphenylmethylene) phenylalanine (0.75 g, 1.82 mmol /yield: 91%). The optical purity of the obtained 
(S)-tert-butyl N-(diphenylmethylene)phenylalanine was analyzed by HPLC [Daicel Chiralcel OD-H; eluent: hexane/2- 
propanol = 100/1, flow rate 1 mL/min; retention time: (R)-form = 9.2 min, (S)-form = 15.6 min]. The optical purity of the 
compound 121 obtained in this example was 96% ee. 

<Example 26: Confirmation of a-benzylation of glycine (96)> 



[0287] A mixture of the compound (R,R)-82 obtained in Example 19 (0.5 mol%; phase-transfer catalyst) and benzyl 
bromide (1 .05 equivalents, 250 yL, 2.1 mmol) as the compound represented by R 18 -W in the above formula was added 
to a mixture of 48% KOH aqueous solution (6.7 mL) and a toluene solution (6.7 mL) of N-(biphenylmethylene) glycine 
tert-butyl ester (590 mg, 2 mmol), and this was stirred vigorously at 0°C. Completion of the reaction was confirmed by 
TLC, and then the reaction mixture was poured into water and the mixture was extracted with ethyl acetate. The organic 
extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure to give 
(S)-tert-butyl N-(diphenylmethylene)phenylalanine (0.87 g, 2.0 mmol) in a quantitative yield. The optical purity of the 
obtained (S)-tert-butyl N-(diphenylmethylene)phenylalanine was analyzed by HPLC [Daicel Chiralcel OD-H; eluent: 
hexane/2-propanol = 100/1, flow rate 1 mL/min; retention time: (R)-form = 9.2 min, (S)-form = 15.6 min]. The optical 
purity of the compound 121 obtained in this example was 96% ee. 

<Reference Example 43: Synthesis of starting material (compound 1 09a) for synthesizing quaternary ammonium salt> 



[0286] 




(R,R)-82 cat. 



(20) 



(121) 



[0288] 



111 



EP 1 870 403 A1 




CF 3 

109a 



[0289] A mixture of the compound 8a obtained in Reference Example 5 (0.26 g, 0.5 mmoi), 3,5-bis(trifluoromethyl) 
boronic acid (0.516 g, 2.0 mmoi), palladium acetate (0.0225 g, 0.10 mmol), tri-o-tolylphosphine (0.122 g, 0.40 mmol), 
potassium phosphate n-hydrate (1 .27 g, 6.0 mmol), and THF (7 ml_) was stirred with heating at 75°C under an argon 
atmosphere. The disappearance of the starting material was confirmed by TLC, and then the suspension was filtered 
through alumina and Na 2 S0 4 . The pad was washed with ethyl acetate, and then the organic layer was washed with 1 
N hydrochloric acid. The organic layer was then concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (hexane/ethyl acetate = 10/1 and 5/1 as eluent) to give the title compound 109a ((S)- 
3,3'-bis(3,5-bis (trifluoromethyl)phenyl)-4,5,6,4',5',6'-hexamethoxybiphenyl-2,2'-dimetha ne) (0.294 g, 0.37 mmol /yield: 
75%). The NMR spectrum of the obtained compound 109a is shown in Table 49. 

Table 49 
NMR spectrum of compound 109a 
400 MHz 1 H NMR (CDCI 3 ) 5 7.87 (2H, S, Ar-H), 7.75 (4H, d, J = 20 Hz, Ar-H), 3.95 (6H, s, OMe), 3.80 (6H, S, OMe), 
3.71 (6H, s, OMe), 1 .71 (6H, s, CH 3 ) 



<Reference Example 44: Synthesis of starting material (compound 1 1 0a) for synthesizing quaternary ammonium salt> 
[0290] 




[0291] Asolution of the compound 109a obtained in Reference Example 43 (0.079 g, 0.1 mmol), N-bromosuccinimide 
(0.04 g, 0.22 mmol), and 2,2'-azobisisobutyronitrile (AIBN; 0.0033 g, 0.02 mmol) in benzene (5 mL) was heated under 
reflux for four hours. A saturated aqueous Na 2 S0 3 solution was added thereto to quench the reaction, and the mixture 
was extracted with ether. The organic layer was dried over Na 2 S0 4 , and was concentrated under reduced pressure. 
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The residue was purified by silica gel column chromatography (hexane/ethyl acetate = 5/1 as eluent) to give the title 
compound 1 10a ((S)-3,3'-bis(3,5-bis(trifluoromethyl)phenyl)-4,5,6,4',5',6'-hexamethoxybiphenyl-2,2'-dimethyl bromide) 
(0.094 g, 0.1 mmol) in a quantitative yield. The NMR spectrum of the obtained compound 1 1 0a is shown in Table 50. 

Table 50 
NMR spectrum of compound 1 1 0a 

400 MHz 1 H NMR (ODOI 3 ) 5 7.95 (4H, d, J= 13 Hz, Ar-H), 7.87 (2H, s, Ar-H), 3.98 (6H, s, OMe), 3.80-3.95 (10H, m, 
OMe+CH 2 Br), 3.73 (6H, s, OMe) 



<Example 27: Synthesis of quaternary ammonium salt ((S)-1 1 1)> 
[0292] 




[0293] Dibutylamine (0.025 mL, 0.15 mmol) was added to a suspension of the compound 1 10a obtained in Reference 
Example 44 (0.094 g, 0.10 mmol) and potassium carbonate (0.0166 g, 0.1 2 mmol) in acetonitrile (10mL) under an argon 
atmosphere. This reaction mixture was heated at 80°C for 10 hours. Then, this was poured into a 1 N HBr aqueous 
solution and the mixture was extracted with CH 2 CI 2 . The organic layer was dried over Na 2 S0 4 and concentrated under 
reduced pressure. The residue was purified by silica gel column chromatography (methanol/CH 2 CI 2 = 1/20 and 1/10 as 
eluent) to give the title optically active quaternary ammonium bromide (compound (S)-111) (S-form) (0.088 g, 0.088 
mmol /yield: 88%). 

<Reference Example 45: Synthesis of starting material (compound (S)-1 08) forsynthesizing quaternary ammonium salt> 
[0294] 
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OMe 
(S)-108 



[0295] Phosphorus tribromide (0.095 mL, 1 .0 mmol) was added to a solution of compound 5a obtained in Reference 
Example 3 (0.131 g, 0.33 mmol) in CH 2 CI 2 (5 mL) at 0°C. The reaction mixture was stirred at room temperature for five 
hours. Then, the reaction was quenched with water and the mixture was extracted with hexane/ethyl acetate (1/1 ). This 
was dried over Na 2 S0 4 and concentrated under reduced pressure to give the crude compound 106b. 
[0296] Then, the entire quantity of the crude compound 106b obtained above and p-methoxybenzylamine were dis- 
solved in THF and the solution was stirred overnight. After the disappearance of 1 06b was confirmed, the mixture was 
concentrated to give the crude 107b (0.161 g, 0.325 mmol, yield: 98%). 

[0297] To a solution of the entire quantity of the crude 107b obtained above in MeOH (5 mL), was added 10% Pd/C 
(30 mg), and stirred under a hydrogen atmosphere overnight. After filtration through Celite, the filtrate was concentrated, 
and the residue was purified by silica gel column chromatography (methanol/CH 2 CI 2 = 1/1 as eluent) to give the title 
optically active secondary amine (S)-108 (S-form) (0.1 18 g, 0.31 mmol / yield : 95%). 

<Example 28: Synthesis of quaternary ammonium salt ((S,S)-1 1 2)> 

[0298] 



F 




F 



(S,S)-112 
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[0299] Phosphorus tribromide (0.038 mL, 0.4 mmol) was added to a solution of compound 5b obtained in Reference 
Example 9 (0.131 g, 0.2 mmol) in CH 2 CI 2 (5 mL) at 0°C. The reaction mixture was stirred at room temperature for one 
hour. Then, the reaction was quenched with water and the mixture was extracted with ether. The organic layer was 
washed with saline, dried over Na 2 S0 4 and concentrated under reduced pressure to give the crude compound 6b 
quantitatively. 

[0300] Then, part of the crude compound 6b (0.0245 g, 0.031 mmol) was transferred to a suspension of potassium 
carbonate (0.069 g, 0.5 mmol) and the secondary amine (S)-108 obtained in Reference Example 45 (0.014 g, 0.038 
mmol) in acetonitrile (2 mL) under an argon atmosphere. Then, this mixture was heated at 40°C for 10 hours. The 
reaction mixture was then poured into 1 N HBr to quench the reaction. The mixture was extracted with CH 2 CI 2 . The 
organic layer was dried over Na 2 S0 4 and concentrated under reduced pressure. The residue was purified by silica gel 
column chromatography (methanol/CH 2 CI 2 = 1/10 as eluent) to give the title optically active quaternary ammonium 
bromide (compound (S,S)-1 12) (S,S-form) (0.029 g, 0.027 mmol / yield: 87%). The mass spectrum of the obtained 
compound 1 1 2 was as follows: M+=994.46. 

<Example 29: Confirmation of a-benzylation of glycine (21 1 )> 

[0301] 



Ph 2 C=N l otBu 

H R 18 

(21) 

[0302] A mixture of the compound (S)-1 1 1 obtained in Example 27 (1 mol%; phase-transfer catalyst) and benzyl 
bromide (1 .5 equivalents, 36 (j,L, 0.3 mmol) as the compound represented by R 18 -W in the above formula was added 
to a mixture of 50% KOH aqueous solution (1 mL) and a toluene solution (1.5 mL) of N-(biphenylmethylene)glycine tert- 
butyl ester (compound 20) (59.1 mg, 0.2 mmol), and the mixture was stirred vigorously at 0°C under an argon atmosphere. 
Completion of the reaction was confirmed byTLC, and then the reaction mixture was poured into water and the mixture 
was extracted with ether. The organic extract was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated 
under reduced pressure, and then the residual oil was purified by silica gel column chromatography (ether/hexane = 
1/10 as eluent) to give the corresponding compound 21 ((R)-tert-butyl N-(diphenylmethylene) phenylalanine) (68.6 mg, 
0.1 78 mmol / yield: 89%). The optical purity of the compound 21 obtained in this example was analyzed by HPLC [Daicel 
Chiralcel OD; eluent: hexane/2-propanol = 100/1 , flow rate 0.5 mL/min; retention time: (R)-form = 14.8 min, (S)-form = 
28.2 min]. The optical purity of the compound 21 obtained in this example was 95% ee. 

<Example 30: Confirmation of a-benzylation of glycine (212)> 

[0303] 



(20) 

(21) 



[0304] A mixture of the compound (S,S)-1 12 obtained in Example 28 (1 mol%; phase-transfer catalyst) and benzyl 
bromide (1 .5 equivalents, 36 ^L, 0.3 mmol) as the compound represented by R 18 -W in the above formula was added 
to a mixture of 50% KOH aqueous solution (1 mL) and a toluene solution (1 .5 mL) of N-(biphenylmethylene)glycine tert- 
butyl ester (compound 20) (59.1 mg, 0.2 mmol), and the mixture was stirred vigorously at room temperature under an 
argon atmosphere. Completion of the reaction was confirmed byTLC, and then the reaction mixture was poured into 
water and the mixture was extracted with ether. The organic extract was washed with saline and dried over Na 2 S0 4 . 
The solvent was evaporated under reduced pressure, and then the residual oil was purified by silica gel column chro- 



(S)-111 cat. 
9 1A 50% KOH aq. 

Ph * C=N \A>tBu R -W to|uene 0OC 

(20) 



(S,S)-112 cat. 
50%KOHaq. 

~ Ph2 c=i>, v ^ &Bii 



H R 18 
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matography (ether/hexane = 1/10 as eluent) to give the corresponding compound 21 ((R)-tert-butyl N-(diphenylmethyl- 
ene)phenylalanine) (72.5 mg, 0.188 mmol / yield: 94%). The optica! purity of the compound 21 obtained in this example 
was analyzed by HPLC [Daicel Chiralcel OD; eluent: hexane/2-propanol = 100/1, flow rate 0.5 mL/min; retention time: 
(R)-form= 14.8 min, (S)-form = 28.2 min]. The optical purity of the compound 21 obtained in this example was 77% ee. 

<Example 31 : Confirmation of a-benzylation of glycine (31)> 



[0305] 



\-J n (S)-11cat. 0 

N — \ 9 48%KOHaq. H + HN 0 

-N L nci + R 18 -w — H2N \X^OEt 

\X^OEt toluene, 0°C A 18 

( 320 ) (321) 



20 [0306] To a mixture of the compound (S)-11 obtained in Example2 (0.1 mol%; phase-transfer catalyst), benzyl bromide 
(1.37 equivalents, 1.63 mL, 13.7 mmol) as the compound represented by R 18 -W in the above formula, and a toluene 
solution (1 0 mL) of N-(4-methylphenylmethylene) glycine ethyl ester (2.05 g, 1 0 mmol), 48% KOH aqueous solution (2.3 
g) was added, and the mixture was stirred vigorously at 0°C. Completion of the reaction was confirmed by TLC, and 
then the reaction mixture was poured into water and the mixture was extracted with ethyl acetate. The organic extract 

25 was washed with saline and dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure, and then 1 N 
hydrochloric acid (20 mL) was added and the mixture was stirred at room temperature for one hour. The aqueous mixture 
was washed with toluene (20 mL x 3). Sodium bicarbonate was added carefully to avoid too vigorous bubbling until pH 
of the solution reached not lower than 1 1 (confirmed with universal pH test paper). The mixture was extracted with ethyl 
acetate (20 mL x3). The ethyl acetate solution obtained was dried over sodium sulfate and concentrated under reduced 

so pressure to give the title compound 321 ((R)-phenylalanine ethyl ester) (1.18 g, 6.1 1 mmol / yield: 61%). The optical 
purity of the obtained (R)-phenylalanine ethyl ester was analyzed by HPLC [Daicel Chiralcel OD-H; eluent: hexane/2- 
propanol/diethylamine = 98/2/0.1 , flow rate 0.5 mL/min; retention time: (R)-form = 23.2 min, (S)-form = 24.9 min]. The 
optical purity of the compound 321 obtained in this example was 77% ee. 

35 <Example 32: Confirmation of a-benzylation of glycine (31 )> 

[0307] 



V 1fl 48%KOHaq. , H \f 

\A)Et + ^ toluene, 0*0 ~ H ^OEt 

(322) H R 18 

(321) 



[0308] To a mixture of the compound (S)-1 1 obtained in Example 2 (0.1 mol%; phase-transfer catalyst), benzyl bromide 
so (1.37 equivalents, 1.63 mL, 13.7 mmol) as the compound represented by R 18 -W in the above formula, and a toluene 
solution (10 mL) of N-(4-methylphenylmethylene)glycine ethyl ester (2.05 g, 10 mmol), 48% KOH aqueous solution (2.3 
g) was added, and the mixture was stirred vigorously at 0°C. Completion of the reaction was confirmed by TLC, and 
then the reaction mixture was poured into water and the mixture extracted with ethyl acetate. The organic extract was 
washed with saline and dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure, and then 1 N hydro- 
55 chloric acid (20 mL) was added thereto and the mixture was stirred at room temperature for one hour. The aqueous 
layer was washed with toluene (20 mL x 3), and sodium bicarbonate was added carefully to avoid too vigorous bubbling 
until pH of the solution reached not lower than 1 1 (confirmed with universal pH test paper). The mixture was extracted 
with ethyl acetate (20 mL x 3). The obtained ethyl acetate solution was dried over sodium sulfate and concentrated 
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under reduced pressure to give the title compound 321 ((R)-phenylalanine ethyl ester) (1.32 g, 6.83 mmol /yield: 68%). 
The optical purity of the obtained (R)-phenylalanine ethyl ester was analyzed by HPLC [Daicel Chiralcel OD-H; eluent: 
hexane/2-propanol/diethylamine = 98/2/0.1 , flow rate 0.5 mL/min ; retention time : (R)-form = 23.2 min, (S)-form = 24.9 
min]. The optical purity of the compound 321 obtained in this example was 74% ee. 

Industrial Applicability 

[0309] According to the present invention, achiral phase-transfer catalyst having a simpler structure is provided. This 
phase-transfer catalyst can be produced by a fewer number of process steps than conventional ones, which leads to 
reduction in the production cost. Such a phase-transfer catalyst is extremely useful in the synthesis of a-alkyl-a-amino 
acids and derivatives thereof , and a,a-dialkyl-«-amino acids and derivatives thereof. The amino acids and their derivatives 
thus synthesized play an important and special role in the design of peptides having enhanced activity (pharmacological 
or physiological activity, for example), as effective enzyme inhibitors, and as chiral building blocks for the synthesis of 
compounds having various biological activities. Therefore, they are useful for the development of novel foods and 
pharmaceuticals. 



Claims 

1 . A compound represented by the following formula (I): 



R 1 




wherein 

R 1 , R 1 ', R 2 , and R 2 ' are each independently: 

a hydrogen atom; 
a halogen atom; 

a C, to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a C 1 to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 3 and R 3 ' are each independently: 

a halogen atom; 

a C, to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a C 1 to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 4 and R 4 ' are groups independently selected from the group consisting of: 

(i) a hydrogen atom; 

(ii) -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 
be substituted with a halogen atom); 
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(iii) a cyano group; 

(iv) a nitro group; 

(v) a carbamoyl group; 

(vi) an N-(C-| to C 4 alkyl)carbamoyl group; 

5 (vii) an N,N-di(C 1 to C 4 alkyl)carbamoyl group; 

(viii) -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

(ix) a halogen atom; 

(x) a C 1 to C 6 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
io atom; 

(xi) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(xii) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

15 (xiii) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 

selected from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

20 an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 

25 with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
so a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
35 a halogen atom; 

(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with 
at least one group selected from the group consisting of: 

40 a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 

45 nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC! to C 4 alkyl)carbamoyl 

group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C-, to C 4 alkyl group that may 
so be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 
55 -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; 
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(xv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
5 a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
io group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 

with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 
be substituted with a halogen atom), 
15 a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
20 halogen atom), and 

a halogen atom; 

or may be substituted with -0-(CH 2 ) p -0- (where p is 1 or 2) at positions 3 and 4 that are taken together; 

(xvi) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
25 the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

30 and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 

independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(Ci to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 

35 a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

40 an N-^ to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

45 

(xvii) -S(0) n -R (where n is 0, 1 , or 2, and R is a C, to C 4 alkyl group that may be branched and that may be 
substituted with a halogen atom); 

R 7 and R 8 are groups independently selected from the group consisting of: 

50 

(i) a C 1 to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(ii) a C 2 to C 12 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

55 (iii) a C 2 to C 12 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 

halogen atom; 

(iv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 
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a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-diJC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Ci to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(v) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C-, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N^-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-{Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(vi) -(CH 2 ) n OCONR 10 R 11 (where R 10 and R 11 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

(4) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

(5) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of : 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C-, to C 4 alkyljcarbamoyl group, an N,N-di(C-, to C 4 
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alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C-| to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

(6) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with 
at least one group selected from the group consisting of : 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-jC, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C-, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

(7) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, aC., to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C : to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(8) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
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from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

5 an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C-, to C 4 alkyl)carbamoyl group, an N,N-di(C-, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 

io that may be substituted with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
a nitro group, 
15 a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
20 a halogen atom; and n is an integer from 1 to 12); 

(vii) -(CH 2 ) n CONR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

25 (2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
so a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
35 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 

that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
40 a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a 0, to C 4 alkyl group that may be branched and that may be substituted with 
45 a halogen atom), and 

a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

50 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
55 each independently a hydrogen atom or a C : to C 4 alkyl group that may be substituted with a halogen 

atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
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a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(viii) -(CH 2 ) n NR 12 COR 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(0, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alky! group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyljcarbamoyl group, 

an N.N-diJC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
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and n is an integer from 1 to 12) ; 

(ix) -(CH 2 ) n NR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of : 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(0, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C-, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(x) -(CH 2 ) n Y-OR 12 (where Y is a C 1 to C 4 divalent saturated hydrocarbon group that may be branched and that 
may be substituted with a halogen atom, and R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
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a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

5 an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C-, to C 4 alkyl)carbamoyl group, an N,N-di(C-, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and 

io that may be substituted with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
a nitro group, 
15 a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
20 a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

25 a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 

30 atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 

alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that 
35 may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C, to C 4 alkyl)carbamoyl group, 
40 -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; 

and n is an integer from 1 to 12); 
45 (xi) -(CH 2 ) n -OR 12 (where R 1Z is a group selected from the group consisting of: 

(1) a hydrogen atom ; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
so consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
55 and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 

each independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
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that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-fC., to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C| to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xii) -(CH 2 ) n -S-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 0, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
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a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
5 from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C-i to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

io and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 

each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 

15 a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

20 an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

25 

and n is an integer from 1 to 12); 

(xiii) -(CH 2 ) n -SO-R 12 (where R 12 is a group selected from the group consisting of: 
(1) a hydrogen atom; 

30 (2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
35 a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
40 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 

that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 
may be substituted with a halogen atom), 
45 a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
so a halogen atom), and 

a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

55 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
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and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C., to C 4 alkyl)carbamoyl group, an N,N-di(a, to C 4 
alkyl)carbamoyl group, or -IMHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Cf to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); and 

(xiv) -(CH 2 ) n -S0 2 -R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR30R31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C., to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
a nitro group, 
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a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); or 

R 7 and R 8 are taken together to form a divalent group selected from the group consisting of: 
-(CH 2 ) m - (where m is an integer from 2 to 8); 



(wherein R 20 , R 21 , R 22 R 23 , R 24 , R 25 , R 26 , R 27 , R 28 , R 29 , R 41 , and R 42 are groups independently selected from 
the group consisting of: 

a hydrogen atom; 

a Ci to C 8 alkyl group that may be branched orform a cyclic group, and/orthat may be substituted with a halogen 
atom; 

a C 2 to C 8 alkenyl group that may be branched orform a cyclic group, and/or that may be substituted with a 
halogen atom; 

a C 2 to C 8 alkynyl group that may be branched orform a cyclic group, and/or that may be substituted with a 
halogen atom; 

an aryl group, which may be substituted with a to C 4 alkyl group that may be substituted with a halogen 
atom, a to C 3 alkoxy group that may be substituted with a halogen atom, an aryl group that may be substituted 
with a Cf to C 4 alkyl group that may be substituted with a halogen atom, a cyano group, a halogen atom, a nitro 
group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that 
may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 
a hetroaryl group, which has an aryl moiety that may be substituted with a C 1 to C 4 alkyl group that may be 
substituted with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano 
group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom 
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or a Ci to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

an aralkyl group, which has an aryl moiety that may be substituted with a C, to C 4 alkyl group that may be 
substituted with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a cyano 
group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom 
or a C, to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C B alkylene group; 

a hetroaralkyl group, which has a hetroaryl moiety that may be substituted with a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen atom, a 
cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen 
atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is 
formed by a C 2 to C 8 alkylene group; 
a (C, to C 3 alkoxy)carbonyl group; 
a carbamoyl group; 

an N-{Ci to C 4 alkyljcarbamoyl group; and 

an N,N-di(C| to C 4 alkyl)carbamoyl group (where the C, to C 4 alkyl groups may be the same or different)); and 
X" is an anion selected from the group consisting of a halide anion, SCN", HS0 4 ', HF 2 ", CF 3 S0 3 -, CH 3 -Ph-S0 3 -, 
and CH 3 S0 3 \ 

The compound of claim 1, wherein each of R 1 , R 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula 
(I) is a Ci to C 5 alkoxy group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom. 

The compound of claim 1, wherein each of R 1 , R 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula 
(I) is a methoxy group, an ethoxy group, or a benzyloxy group. 

The compound of any one of claims 1 to 3, wherein R 4 and R 4 ' of the compound represented by the formula (I) are 
groups independently selected from the group consisting of: 

a hydrogen atom; and 

an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl group, or 
-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom. 

The compound of claim 4, wherein each of R 4 and R 4 ' of the compound represented by the formula (I) is a 3,4,5- 
trifluorophenyl group or a 3,5-bis(trifluoromethyl)phenyl group. 

The compound of any one of claims 1 to 5, wherein R 7 and R 8 of the compound represented by the formula (I) are 
each independently a C, to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted 
with a halogen atom. 
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The compound of claim 6, wherein R 7 and R 8 of the compound represented by the formula (I) are both n-butyl groups. 
A method for producing the compound represented by the formula (I) of claim 1 , comprising: 
a step of reacting a compound represented by the following formula (II): 




with a secondary amine represented by the following formula (III): 



R 8 (HI) 



in an organic solvent in the presence of an acid-scavenging agent; 
wherein in the formula (II): 

R 1 , R 1 ', R 2 , and R 2 ' are each independently: 
a hydrogen atom; 

a C 1 to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may 
be branched or form a cyclic group; or 

a C-, to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may 
be branched or form a cyclic group; 

R 3 and R 3 ' are each independently: 

a halogen atom; 

a C 1 to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may 
be branched or form a cyclic group; or 

a to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may 
be branched or form a cyclic group; 

R 4 and R 4 ' are groups independently selected from the group consisting of: 

(i) a hydrogen atom; 

(ii) -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group than 
may be substituted with a halogen atom); 

(iii) a cyano group; 

(iv) a nitro group; 

(v) a carbamoyl group; 

(vi) an N-fC, to C 4 alkyl)carbamoyl group; 

(vii) an N.N-di^ to C 4 alkyl)carbamoyl group; 
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(viii) -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom); 

(ix) a halogen atom; 

(x) a to C 6 alkyl group that may be branched or form a cyclic group and that may be substituted with a 
5 halogen atom; 

(xi) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

(xii) a C 2 to C 6 alkynyl group that may be branched orform a cyclic group and that may be substituted with 
a halogen atom; 

io (xiii) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one 

group selected from the group consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

15 an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C-, to C 4 alkyl)carbamoyl group, an N,N-di(C-, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 

20 that may be substituted with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
a nitro group, 
25 a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 
an N,N-di(C, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
so a halogen atom; 

(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted 
with at least one group selected from the group consisting of: 

35 a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a O, to C 4 alkyl group that may be substituted with a halogen 

40 atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(0, to C 4 

alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
45 may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 
so -NHCOR 9 (where R 9 is a C 1 to C 4 alkyi group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; 

(xv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
55 group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
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an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(a, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Cf to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

or may be substituted with -0-(CH 2 ) p -0- (where p is 1 or 2) at positions 3 and 4 that are taken together; 

(xvi) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 0, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Cf to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alky! group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(xvii) -S(0) n -R (where n is 0, 1 , or 2, and R is a C 1 to C 4 alkyl group that may be branched); and 

Z is a halogen atom; 
and in the formula (III): 

R 7 and R 8 are groups independently selected from the group consisting of: 

(i) a C A to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(ii) a C 2 to C 12 alkenyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

(iii) a C 2 to C 12 alkynyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

(iv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
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and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C., to C 4 alkyl)carbamoyl group, an N,N-di(C., to C 4 
alkyl)carbamoyl group, or -IMHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Cf to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom ; 

(v) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

(vi) -(CH 2 ) n OCONR 10 R 11 (where R 10 and R 11 are groups independently selected from the group consisting 
of: 

(1) a hydrogen atom; 

(2) a 0, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted 
with a halogen atom; 

(4) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted 
with a halogen atom; 

(5) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one 
group selected from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-f^ to C 4 alkyljcarbamoyl group, an 
N.N-difC, to C 4 alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a O, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
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a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

(6) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted 
with at least one group selected from the group consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C^ to C 4 alkyl)carbamoyl group, an 
N,N-di(C 1 to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C-| to C 4 alkyljcarbamoyl group, 

an N.N-d^C, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

(7) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
group consisting of: 

a C A to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C : to C 4 alkyl)carbamoyl group, an 
N.N-diJC, to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; and 

(8) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 
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a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an 
N,N-di(C 1 to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C| to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl (carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(vii) -(CH 2 ) n CONR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an 
N.N-dKC, to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-dKC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a 0, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an hi-(C^ to C 4 alkyl)carbamoyl group, an 
N.N-dKC, to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 
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-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C| to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(viii) -(CH 2 ) n NR 12 COR 13 (where R 12 and R 13 are groups independently selected from the group consisting 



(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C^ to C 4 alkyl)carbamoyl group, an 
N,N-di(C! to C 4 alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C| to C 4 alkyljcarbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an 
N.N-di^ to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyljcarbamoyl group, 

an N.N-diJC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
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a halogen atom; 
and n is an integer from 1 to 12); 

(ix) -(CH 2 ) n NR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
group consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an 
N.N-difC^ to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyljcarbamoy! group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an 
N,N-di(C, to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

NR 30 R 31 ( W here R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyljcarbamoy I group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(x) -(CH 2 ) n Y-OR 12 (where Y is a to C 4 divalent saturated hydrocarbon group that may be branched and 
that may be substituted with a halogen atom, and R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
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group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-fC^ to C 4 alkyl)carbamoyl group, an 
N.N-dKC, to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C| to C 4 alkyljcarbamoyl group, 

an N,N-di(Ci to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C-f to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an 
N.N-difC, to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C-| to C 4 alkyljcarbamoyl group, 

an N,N-di(C| to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xi) -(CH 2 ) n -OR 12 (where R 1Z is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 , alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-^ to C 4 alkyljcarbamoyl group, an 
N.N-di^ to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a O, to C 4 alkyl group that may 
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be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-difC-! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryi group may be substituted with at least one group selected 
from the group consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an U-(C^ to C 4 alkyl)carbamoyl group, an 
N,N-di(C 1 to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xii) -(CH 2 ) n -S-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an 
N.N-di^ to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-diJC, to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
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with a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an 
N.N-dKC, to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(xiii) -(CH 2 ) n -SO-R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an 
N,N-di(C 1 to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C : to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyljcarbamoyl group, 

an N,N-di(C 1 to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
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branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C-| to C 4 alkyl)carbamoyl group, an 
N.N-ditC! to C 4 alkyl)carbamoyl group, or-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N^N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); and 

(xiv) -(CH 2 ) n -S0 2 - R 12 (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the 
group consisting of: 

a C-f to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an 
N.N-di^ to C 4 alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group 

that may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C-| to C 4 alkyljcarbamoy! group, 

an N,N-di(C| to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a C A to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be 
branched and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 
and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted 
with a halogen atom), a nitro group, a carbamoyl group, an N-(C^ to C 4 alkyljcarbamoyl group, an 
N.N-diJC! to C 4 alkyljcarbamoyl group, or-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may 
be branched and that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group 
that may be substituted with a halogen atom), 
a nitro group, 
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a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-dKC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); or 

R 7 and R 8 are taken together to form a divalent group selected from the group consisting of: 
-(CH 2 ) m - (where m is an integer from 2 to 8); 



(wherein R 20 , R 21 , R 22 , R 23 , R 24 , R 25 , R 26 , R 27 , R 28 , R 29 , R 41 , and R 42 are groups independently selected 
from the group consisting of: 
a hydrogen atom; 

a Ci to C 8 alkyl group that may be branched or form a cyclic group, and/or that may be substituted with a 
halogen atom; 

a C 2 to C a alkenyl group that may be branched or form a cyclic group, and/or that may be substituted with 
a halogen atom; 

a C 2 to C 8 alkynyl group that may be branched or form a cyclic group, and/or that may be substituted with 
a halogen atom; 

an aryl group, which may be substituted with a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, an aryl group that may be 
substituted with a to C 4 alkyl group that may be substituted with a halogen atom, a cyano group, a 
halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 
C 1 to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

a hetroaryl group, which may be substituted with a C, to C 4 alkyl group that may be substituted with a 
halogen atom, a C-, to C 3 alkoxy group that may be substituted with a halogen atom, a cyano group, a 
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halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a 
C-, to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

an aralkyl group, which has an aryl moiety that may be substituted with a to C 4 alkyl group that may be 
substituted with a halogen atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, a 
cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a 
hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino 
group that is formed by a C 2 to C 8 alkylene group; 

a hetroaralkyl group, which has a hetroaryl moiety that may be substituted with a C 1 to C 4 alkyl group that 
may be substituted with a halogen atom, a to C 3 alkoxy group that may be substituted with a halogen 
atom, a cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently 
a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino 
group that is formed by a C 2 to C 8 alkylene group; 
a {Ci to C 3 alkoxy)carbonyl group; 
a carbamoyl group; 

an N-(C! to C 4 alkyl)carbamoyl group; and 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group (where the C 1 to C 4 alkyl groups may be the same or different). 

9. The method of claim 8, wherein each of R 1 , R 1 ', R 2 , R 2 ", R 3 , and R 3 ' of the compound represented by the formula 
(II) is a C 1 to C 5 alkoxy group that may be branched or form a cyclic group and that may be substituted with a halogen 
atom. 

10. The method of claim 8, wherein each of R 1 , R 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula 
(II) is a methoxy group, an ethoxy group, or a benzyloxy group. 

11. The method of any one of claims 8 to 10, wherein R 4 and R 4 ' of the compound represented by the formula (II) are 
groups independently selected from the group consisting of: 

a hydrogen atom; and 

an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N.N-diJC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 aikyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group), 

a nitro group, 

a carbamoyl group, 

an H-{Cf to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyljcarbamoyl group, 

-NHCOR 9 (where R 9 is a C A to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom. 

12. The method of claim 1 1 , wherein each of R 4 and R 4 ' of the compound represented by the formula (II) is a 3,4,5- 
trifluorophenyl group or a 3,5-bis(trifluoromethyl)phenyl group. 

13. The method of any one of claims 8 to 12, wherein R 7 and R 8 of the compound represented by the formula (III) are 
each independently a C, to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted 
with a halogen atom. 

1 4. The method of claim 1 3, wherein R 7 and R 8 of the compound represented by the formula (III) are both n-butyl groups. 
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15. A method for stereoselectively producing a compound represented by the formula (VI): 



R\ 4 



R 18 



(VI) 



a step of alkylating a compound represented by the formula (IV): 



R? 4 f 
R 15 I 



(IV) 



with a compound of the formula (V): 

R 18 -W (V) 



using a compound represented by the formula (I) that is pure with respect to its axial asymmetry as a phase-transfer 
catalyst: 




(I) 



in a medium in the presence of an inorganic base, 

wherein in the formula (I), 

R 1 , R 1 ', R 2 , and R 2 ' are each independently: 



a hydrogen atom; 
a halogen atom; 

a C 1 to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a C 1 to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

R 3 and R 3 ' are each independently: 

a halogen atom; 
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a C 1 to C 5 alkyl group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; or 

a C 1 to C 5 alkoxy group that may be substituted with a halogen atom and/or an aryl group, and/or that may be 
branched or form a cyclic group; 

5 

R 4 and R 4 ' are groups independently selected from the group consisting of: 

(i) a hydrogen atom; 

(ii) -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group than may 
io be substituted with a halogen atom); 

(iii) a cyano group; 

(iv) a nitro group; 

(v) a carbamoyl group; 

(vi) an N-(Ci to C 4 alkyl)carbamoyl group; 

15 (vii) an N.N-dif^ to C 4 alkyl)carbamoyl group; 

(viii) -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

(ix) a halogen atom; 

(x) a C-, to C 6 alkyl group that may be branched or form a cyclic group and that may be substituted with a halogen 
20 atom; 

(xi) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(xii) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

25 (xiii) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 

selected from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

so an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 

35 with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
40 a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 
an N.N-dK^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
45 a halogen atom; 

(xiv) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with 
at least one group selected from the group consisting of : 

so a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 

55 nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 

group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 
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-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
a carbamoyl group, 
5 an N^C, to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

10 

(xv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
15 a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
20 group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 

with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom), 
25 a nitro group, 

a carbamoyl group, 

an N-JC, to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
so halogen atom), and 

a halogen atom; 

or may be substituted with -0-(CH 2 ) p -0- (where p is 1 or 2) at positions 3 and 4 that are taken together; 

(xvi) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
35 the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 

40 and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 

independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a 0^ to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 

45 a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

so an N-(C, to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

55 

(xvii) -S(0) n -R (where n is 0, 1 , or 2, and R is a C, to C 4 alkyl group that may be branched and that may be 
substituted with a halogen atom); 
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R 7 and R 8 are each independently a monovalent organic group or are taken together to form a divalent organic 

group; and 

X" is a halide anion; 

in the formula (IV) and formula (VI), 

R 14 and R 15 are each independently: 

(i) a hydrogen atom; or 

(ii) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom; 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyi group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom); 
a cyano group; 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom oraC^ to C 4 alkyl group that may 

be substituted with a halogen atom); 

a nitro group; 

a carbamoyl group; 

an N-(C 1 to C 4 alkyl)carbamoyl group; 

an N.N-di^ to C 4 alkyl)carbamoyl group; 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); and 
a halogen atom; 

with the proviso that a case where both R 14 and R 15 are hydrogen atoms is excluded, 
R 16 is a group selected from the group consisting of : 

(i) a hydrogen atom; 

(ii) a C-, to C 10 alkyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom, wherein the alkyl group may be substituted with at least one group selected from the group 
consisting of: 

a C-, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-^ to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), 
a halogen atom, 

-COR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen 
atom), and 

-C0 2 R 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

(iii) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(iv) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(v) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
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selected from the group consisting of : 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 . alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C! to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at 
least one group selected from the group consisting of: 

a C-| to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C : to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(vii) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C-, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N.N-di^ to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
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a carbamoyl group, 

an N-(C! to C 4 alkyl)carbamoyl group, 

an N.N-dKC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
5 halogen atom), and 

a halogen atom; and 

(viii) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

10 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
15 independently a hydrogen atom or a C, to C 4 alky! group that may be substituted with a halogen atom), a 

nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

20 -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 
25 an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; 

30 R1 ~! is a C 1 to C a alkyl group that may be branched orform a cyclic group and that may be substituted with a halogen 

atom; 

in the formula (V) and formula (VI), 

R 18 is a group selected from the group consisting of: 

35 (i) a C, to C 10 alkyl group that may be branched or form a cyclic group and that may be substituted with a 

halogen atom, wherein the alkyl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
40 a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 
45 an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C A to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), 
a halogen atom, 

so -COR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen 

atom), and 

-C0 2 R 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom); 

55 (ii) a C 3 to C 9 allyl group or substituted allyl group that may be branched or form a cyclic group and that may 

be substituted with a halogen atom; 

(iii) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 
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(iv) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(v) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-^ to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; 

(vi) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with at 
least one group selected from the group consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that may 

be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N.N-dKC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
a halogen atom; and 

(vii) a C 3 to C g propargyl group or substituted propargyi group that may be branched and that may be substituted 
with a halogen atom; and 
in the formula (V), 

W is a functional group having a leaving ability, and 
in the formula (VI), 

* shows a newly produced asymmetric center. 

The method of claim 1 5, wherein R 7 and R 8 of the compound represented by the formula (I) are groups independently 
selected from the group consisting of: 

(i) a Ci to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 
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(ii) a C 2 to C 12 alkenyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

(iii) a C 2 to C 12 alkynyl group that may be branched or form a cyclic group and that may be substituted with a 
halogen atom; 

5 (iv) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 

consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

io an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-(C^ to C 4 a!kyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted 

15 with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
20 a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
25 a halogen atom; 

(v) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected from 
the group consisting of: 

30 a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 

35 nitro group, a carbamoyl group, an N-tC, to C 4 alkyl)carbamoyl group, an N.N-difC, to C 4 alkyl)carbamoyl 

group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted 
with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 
40 be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an fi-{Cf to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 
45 -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 

halogen atom), and 

a halogen atom; 

(vi) -(CH 2 ) n OCONR 10 R 11 (where R 10 and R 11 are groups independently selected from the group consisting of: 

50 

(1) a hydrogen atom; 

(2) a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) a C 2 to C 6 alkenyl group that may be branched or form a cyclic group and that may be substituted with 
a halogen atom; 

55 (4) a C 2 to C 6 alkynyl group that may be branched or form a cyclic group and that may be substituted with 

a halogen atom; 

(5) an aralkyl group, wherein the aryl moiety of the aralkyl group may be substituted with at least one group 
selected from the group consisting of: 
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a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

(6) a heteroaralkyl group having a heteroaryl moiety, wherein the heteroaryl moiety may be substituted with 
at least one group selected from the group consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

(7) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(G| to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 
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an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a O, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(8) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-fC, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C| to C 4 alkyl)carbamoyl group; 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); 

(vii) -(CH 2 ) n CONR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a hatogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(0, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC, to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of : 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
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a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom, 

and n is an integer from 1 to 12); 

(viii) -(CH 2 ) n NR 12 COR 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C| to C 4 alkyl)carbamoyl group, 

an N.N-diJC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-fO, to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a O, to C 4 alkyl group that 
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may be substituted with a halogen atom), 
a nitro group, 
a carbamoyl group, 
an N-(Ci to C 4 alkyl)carbamoyl group, 
5 an N.N-dKC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

io and n is an integer from 1 to 12); 

(ix) -(CH 2 ) n NR 12 R 13 (where R 12 and R 13 are groups independently selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

15 (3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 

consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

20 an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 

25 that may be substituted with a halogen atom), 

a cyano group, 

_ NR 30 R 31 ( W here R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
may be substituted with a halogen atom), 
a nitro group, 
so a carbamoyl group, 

an N-(C| to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
35 a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

40 a Cf to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, aC, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 

45 atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 

alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 
so may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 
55 -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; 
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and n is an integer from 1 to 12); 

(x) -(CH 2 ) n Y-OR 12 (where YisaC-, to C 4 divalent saturated hydrocarbon group that may be branched and that 
may be substituted with a halogen atom, and R 12 is a group selected from the group consisting of: 

5 (1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

io a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 

a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a Cf to C 4 alkyl group that may be substituted with a halogen 

15 atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 

alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 
20 may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 
25 -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 

a halogen atom), and 

a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
so from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C : to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a haiogen atom, a C, to C 4 alkyl group that may be branched 

35 and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 

each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C., to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 

40 a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

45 an N-(C-| to C 4 alkyl)carbamoyl group, 

an N.N-diJC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom ; 

50 

and n is an integer from 1 to 12) ; 

(xi) -(CH 2 ) n -OR 12 (where R 12 is a group selected from the group consisting of: 
(1) a hydrogen atom; 

55 (2) a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 
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a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(0, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(Ci to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of : 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C 1 to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-difC, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C-, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom, 

and n is an integer from 1 to 12); 

(xii) -(CH 2 ) n -S-R 12 (where R 12 is a group selected from the group consisting of : 

(1) a hydrogen atom; 

(2) a C, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C : to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 
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-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C, to C 4 alkyl)carbamoyl group, 

an N.N-d^C, to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C-, to C 4 alkyl)carbamoyl group, an N,N-di(C-| to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a Cf to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C| to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom, 

and n is an integer from 1 to 12); 

(xiii) -(CH 2 )„-S0-R 1; ' (where R 12 is a group selected from the group consisting of: 

(1) a hydrogen atom; 

(2) a C-, to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N.N-difC! to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 
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(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C, to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C 1 to C 4 alkyl)carbamoyl group, an N,N-di(C 1 to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyl)carbamoyl group, 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 

a halogen atom; and n is an integer from 1 to 12); and 
iv) -(CH 2 ) n -S0 2 -R 12 (where R 12 is a group selected from the group consisting of : 

(1) a hydrogen atom; 

(2) a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom; 

(3) an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 

a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Ci to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C, to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C, to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C, to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyljcarbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-(C 1 to C 4 alkyljcarbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; and 

(4) a heteroaryl group, wherein the heteroaryl group may be substituted with at least one group selected 
from the group consisting of: 

a Ci to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a Cf to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 
an aryl group that may be substituted with a halogen atom, a C : to C 4 alkyl group that may be branched 
and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are 
each independently a hydrogen atom or a C 1 to C 4 alkyl group that may be substituted with a halogen 
atom), a nitro group, a carbamoyl group, an N-(C| to C 4 alkyl)carbamoyl group, an N,N-di(C, to C 4 
alkyl)carbamoyl group, or -NHCOR 9 (where R 9 is a C, to C 4 alkyl group that may be branched and 
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that may be substituted with a halogen atom), 
a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C, to C 4 alkyl group that 

may be substituted with a halogen atom), 

a nitro group, 

a carbamoyl group, 

an N-fC^ to C 4 alkyl)carbamoyl group, 

an N.N-di^ to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a C 1 to C 4 alkyl group that may be branched and that may be substituted with 
a halogen atom), and 
a halogen atom; 

and n is an integer from 1 to 12); or 

R 7 and R 8 are taken together to form a divalent group selected from the group consisting of: 
-(CH 2 ) m - (where m is an integer from 2 to 8); 




(where R 20 , R 21 , R 22 , R 23 , R 24 , R 25 , R 26 , R 27 , R 28 , R 29 , R 41 , and R 42 are groups independently selected from the 
group consisting of: 

50 

a hydrogen atom; 

a to C 8 alkyl group that may be branched orform a cyclic group, and/orthat may be substituted with a halogen 
atom; 

a C 2 to C 8 alkenyl group that may be branched or form a cyclic group, and/or that may be substituted with a 
55 halogen atom; 

a C 2 to C 8 alkynyl group that may be branched orform a cyclic group, and/or that may be substituted with a 
halogen atom; 

an aryl group, which may be substituted with a C-, to C 4 alkyl group that may be substituted with a halogen 
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atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, an aryl group that may be substituted 
with a to C 4 alkyl group that may be substituted with a halogen atom, a cyano group, a halogen atom, a nitro 
group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that 
may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 

5 a hetroaryl group, which may be substituted with a C, to C 4 alkyl group that may be substituted with a halogen 

atom, a C, to C 3 alkoxy group that may be substituted with a halogen atom, a cyano group, a halogen atom, a 
nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a C 1 to C 4 alkyl group 
that may be substituted with a halogen atom), or a cyclic amino group that is formed by a C 2 to C 8 alkylene group; 
an aralkyl group, which has an aryl moiety that may be substituted with a to C 4 alkyl group that may be 

io substituted with a halogen atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, a cyano 

group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom 
or a Cf to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is formed 
by a C 2 to C 8 alkylene group; 

a hetroaralkyl group, which has a hetroaryl moiety that may be substituted with a C, to C 4 alkyl group that may 
15 be substituted with a halogen atom, a C 1 to C 3 alkoxy group that may be substituted with a halogen atom, a 

cyano group, a halogen atom, a nitro group, -NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen 

atom or a to C 4 alkyl group that may be substituted with a halogen atom), or a cyclic amino group that is 

formed by a C 2 to C a alkylene group; 

a (C 1 to C 3 alkoxy)carbonyl group; 
20 a carbamoyl group; 

an N-(C! to C 4 alkyl)carbamoyl group; and 

an N,N-di(C 1 to C 4 alkyl)carbamoyl group (where the C 1 to C 4 alkyl groups may be the same or different)). 

17. The method of claim 16, wherein each of R 1 , R 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula 
25 (I) is aC 1 to C 5 alkoxy group that may be branched or form a cyclic group and that may be substituted with a halogen 

atom. 



18. The method of claim 16, wherein each of R 1 , R 1 ', R 2 , R 2 ', R 3 , and R 3 ' of the compound represented by the formula 
(I) is a methoxy group, an ethoxy group, or a benzyloxy group. 

19. The method of any one of claims 16 to 18, wherein R 4 and R 4 ' of the compound represented by the formula (I) are 
groups independently selected from the group consisting of: 

a hydrogen atom; and 

an aryl group, wherein the aryl group may be substituted with at least one group selected from the group 
consisting of: 



a C 1 to C 4 alkyl group that may be branched and that may be substituted with a halogen atom, 
a C-| to C 5 alkoxy group that may be branched and that may be substituted with a halogen atom, 

40 an aryl group that may be substituted with a halogen atom, a C 1 to C 4 alkyl group that may be branched 

and that may be substituted with a halogen atom, a cyano group, -NR 30 R 31 (where R 30 and R 31 are each 
independently a hydrogen atom or a to C 4 alkyl group that may be substituted with a halogen atom), a 
nitro group, a carbamoyl group, an N-{Cf to C 4 alkyl)carbamoyl group, an N.N-difC! to C 4 alkyl)carbamoyl 
group, or -NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted 

45 with a halogen atom), 

a cyano group, 

-NR 30 R 31 (where R 30 and R 31 are each independently a hydrogen atom or a to C 4 alkyl group that may 
be substituted with a halogen atom), 
a nitro group, 
so a carbamoyl group, 

an N-{Ci to C 4 alkyl)carbamoyl group, 
an N,N-di(C 1 to C 4 alkyl)carbamoyl group, 

-NHCOR 9 (where R 9 is a to C 4 alkyl group that may be branched and that may be substituted with a 
halogen atom), and 
55 a halogen atom. 

20. The method of claim 19, wherein each of R 4 and R 4 ' of the compound represented by the formula (I) is a 3,4,5- 
trifluorophenyl group or a 3,5-bis(trifluoromethyl)phenyl group. 
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21. The method of any one of claims 16 to 20, wherein Ft 7 and R 8 of the compound represented by the formula (I) are 
each independently a C, to C 30 alkyl group that may be branched or form a cyclic group and that may be substituted 
with a halogen atom. 

22. The method of claim 21 , wherein R 7 and R a of the compound represented by the formula (I) are both n-butyl groups. 

23. The method of claim 15, wherein the inorganic base is used in the form of an aqueous inorganic-base solution. 

24. The method of claim 23, wherein the inorganic base in the aqueous inorganic-base solution is used in a ratio of at 
least 0.5 equivalents up to 280 equivalents per 1 equivalent of the compound represented by the formula (IV). 

25. The method of claim 24, wherein a concentration of the aqueous inorganic-base solution is from 10w/w% to 70 w/w%. 

26. The method of claim 24 or 25, wherein the compound represented by the formula (I) is used in a ratio of 0.0001 
mol% to 5 mol% per 1 mol of the compound represented by the formula (IV). 

27. The method of any one of claims 24 to 26, wherein a volume ratio between the medium and the aqueous inorganic- 
base solution is 7:1 to 1:5. 

28. The method of claim 23, wherein a volume ratio between the medium and the aqueous inorganic-base solution is 
7:1 to 1:5. 

29. The method of claim 28, wherein a concentration of the aqueous inorganic-base solution is from 10 w/w% to 70 w/w%. 

30. The method of claim 28 or 29, wherein the compound represented by the formula (I) is used in a ratio of 0.0001 
mol% to 5 mol% per 1 mol of the compound represented by the formula (IV). 

31. A method for producing an optically active a-amino acid, comprising: 

a step of hydrolyzing an imino group (R 14 R 15 C=N-) of the compound represented by the formula (VI) that is 
obtained by the method of any one of claims 15 to 30 under acidic conditions: 



(wherein R 14 , R 15 , R 16 , R 17 , and R 18 are the same groups as defined above): and 

a step of hydrolyzing an ester group (-C0 2 R 17 ) of the acid-hydrolysis product under acidic or basic conditions. 

32. A method for producing an optically active a-amino acid, comprising: 

a step of hydrolyzing an ester group (-CC^R 17 ) of the compound represented by the formula (VI) that is obtained 
by the method of any one of claims 15 to 30 under basic conditions: 




(VI) 




(VI) 



(wherein R 14 , R 15 , R 16 , R 17 , and R 18 are the same groups as defined above); and 
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a step of hydrolyzing an imino group (R 14 R 15 C-N-) of the base-hydrolysis product under acidic conditions. 
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The subject matters of claims 1-32 are compounds represented by the 
formula (I), a method of reaction using the compounds as a catalyst, 
etc. However, compounds having the basic skeleton in the formula (I) 
are known as apparent from the fact that they are described in document 
(JP 2004-359578 A (NIPPON SODA CO), December 24, 2004], etc. The 
compounds claimed are hence not considered to have a novel basic skeleton 
common among their chemical structures . In view of this, one invention 
cannot be clearly grasped from the claims, in which such compounds are 
described. 

On the other hand, a search through prior-art documents was made, 
while referring to the contents of the description. However, in part 
of the search, many compounds falling under the category of the compounds 
claimed were already found. 

Furthermore, the compounds which are supported by the description 
in the meaning of Article 6 of the PCT and are disclosed in the meaning 
of Article 5 of the PCT are limited to an extremely small part of the 
compounds represented by the formula (I) given in claims 1-32. 

Therefore, an international search was made for the compounds 
specif ically described in the descript ion within the range of a reasonable 
burden . 
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